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Raw milk sales are legal in 30 states, including Mississippi, where regulations are largely
management-based and not food-safety related. The research objectives were to analyze the
microbial profile of raw goat milk from Mississippi farms and assess food safety practices and
perceptions of dairy goat farmers. Deficiencies and opportunities for improvement in raw goat
milk safety were identified. Staphylococcus spp. was present in most (70%) milk samples but
aligned with drying-off. E. coli, Enterobacteriaceae, and coliforms were observed in 4, 10, and 12
samples, respectively; no Salmonella spp. or Listeria monocytogenes were detected. The survey
highlighted farmers' need for educational opportunities on safe milk handling with emphasis on
handwashing. Most producers (80.8%) are willing to invest more in their farms, creating strategic
opportunities for extension outreach to help with market expansion and sustainability. Overall,
training accessibility could help producers nationwide by encouraging safe milk handling and best
management practices.
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CHAPTER I
INTRODUCTION
Goat milk is a nutrient-rich product that is easily digestible, contains probiotics, and is less
allergenic than cow’s milk. Despite these benefits, goat milk is not something typically found in
stores. This creates an opportunistic market for our dairy goat farmers to join. However, in
Mississippi, a dairy producing farm must become a registered Grade “A” dairy to sell or advertise
its products outside of the farm. These regulations on how to become registered, however, can be
difficult to find creating a hurdle for farmers. With little guidance, farmers are unable to determine
where hygienic improvements and food safety practices need to be implemented on their farms.
With no hope of becoming registered, many have little incentive to invest in pasteurization
equipment, resulting in much of their products being made directly from raw, or unpasteurized,
milk, possibly leading to a food safety risk for consumers. While raw milk is legal to sell in
Mississippi, it is illegal to advertise. This limits farmers to on-farm sales only with additional
stipulations which, in instances of herd number limitations, can be difficult to adhere to.
The two objectives of the study were to 1) collect raw milk from Mississippi farms to
conduct an analysis of the microbial profile and 2) to distribute an online survey to Mississippi
and American dairy goat farmers to assess food safety practices and perceptions. Together these
objectives identify deficiencies and opportunities for improvement in the safety of raw goat milk.
The idea behind the study was that if producers are utilizing the proper disinfecting procedures
before, during, and after milking, then there would be fewer occurrences of pathogenic bacteria in
1

the milk. Milk is a sterile product except for during animal illnesses and mammary infection,
meaning any contamination incidents are likely from milk handling procedures. This study aids
research by understanding the milk handling practices currently being used and identifying the
number of occurrences of bacteria found in the milk. Further research needs to be conducted to
understand the impact of lactation stage and environmental conditions on bacterial presence to
help farmers make the best management choices to further their dairy operations.
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CHAPTER II
LITERATURE REVIEW
Goat Milk in the United States
Despite cow’s milk being predominantly consumed around the world, other species have
been introduced to the dairy production industry including sheep, water buffalo, yak, camel, mare,
and goat (Park and Haenlein, 2006). The production of goat milk represents approximately 2% of
the global amount of milk from all animal species, with approximately 12 million tons being
produced (Rola et al., 2015). Caprine, or goat milk, in particular, is a growing industry that has
been rudimentary to the wellbeing of millions of people worldwide and plays a crucial role in the
economies of many countries (Silanikove et al., 2010).
Dairy goats are found in every state in the United States. The popularity of goat milk
products began in the U.S. in the 1960s due to the perceived health and nutritive values. As
research on goat milk took off in the 1970s, the dairy goat populations began to increase in the
United States (Clark and Garcia, 2017). Dairy goat operations underwent the fastest expansion of
all livestock groups from the years 2007 to 2017 growing 61% compared to others, according to
the United States Department of Agriculture’s (USDA) Census of Agriculture (Figure 2.1 and 2.2).
This upward trend has continued and as of January 1, 2021, the United States had 420,000 milk
goats and kids (Table 2.1 and 2.2) (USDA, 2022). This, however, is a 3% decrease from January
2020. It should be noted that COVID-19 could have had an impact on the 2021 numbers as
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previous years showed growth in milk goat numbers across the United States as 2018 had 380,000
milk goats, 2019 had 430,000 goats and 2020 had 435,000 goats (USDA, 2022).

Figure 2.1

Dairy goat population growth and decline from 2007 to 2017.

Blue represents goat population growth and red represents shrinkage. The figure information is
adapted from the Census of Agriculture Sheep and Goats NASS reports (USDA, 2022).
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Figure 2.2

Percentage change in head of livestock from 2007 to 2017.

This figure information is adapted from the Census of Agriculture Sheep and Goats NASS
reports comparing livestock populations percent growth and change (USDA, 2022).
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Table 1.1

Milk goats and kids populations from 2007 to 2022.

Year
Population
2006
320,000
2007
335,000
2008
323,000
2009
335,000
2010
355,000
2011
360,000
2012
360,000
2013
360,000
2014
358,000
2015
365,000
2016
375,000
2017
373,000
2018
380,000
2019
430,000
2020
435,000
2021
420,000
2022
410,000
Numbers reported by the USDA Sheep and Goats NASS from 2007 to 2022 (USDA, 2022)
Raw Milk
While many states allow the sales of goat milk, raw goat milk has a diverse range of rules
and regulations based on state laws. There are currently 30 states that allow the sale of raw milk
products in some form, while 20 states have completely banned the sale (Figure 2.3). Some of
these regulations can be particularly harmful to small farmers who lack access to pasteurization
equipment or the resources to further invest in their small businesses. Haenlein (2004) stated that
the goat is the main supplier of dairy and meat products more than any other mammalian farm
animal for many rural people, quoting it as the “goat being the cow of the poor people.” This could
be due to the animals’ compact size and decreased feed requirements for maintenance and growth.
Since Mississippi is not included on the Milk Goats and Kids Inventory (Table 2.2), it can be
assumed there are significantly less than 35,400 head of dairy goats in the state (USDA, 2022).
6

Table 1.2

USDA NASS milk goats and kids inventory – states and United States: January 1,
2018, 2019, 2020 and 2021.
State

2018
2019
2020
2021
Alabama
3,500
4,000
3,800
3,700
Arkansas
4,000
4,000
4,000
4,000
California
40,000
42,000
43,000
41,000
Colorado
9,000
10,000
9,500
8,000
Florida
10,000
8,500
9,000
9,000
Georgia
3,800
8,500
6,500
6,500
Idaho
4,500
7,000
6,800
7,200
Illinois
6,000
11,000
10,000
9,500
Indiana
11,000
12,000
13,000
14,000
Iowa
31,000
32,000
29,000
27,000
Kansas
4,400
4,000
4,200
4,000
Kentucky
6,000
6,000
7,000
6,000
Michigan
11,500
12,000
12,000
12,500
Minnesota
14,000
13,000
14,000
12,000
Missouri
10,500
12,000
12,000
12,500
Nebraska
3,500
4,000
3,500
3,500
New England*
14,600
19,000
18,000
17,000
New York
13,000
12,000
13,300
13,100
North Carolina
7,000
6,000
7,500
8,500
Ohio
10,500
12,000
11,000
10,000
Oklahoma
7,000
8,000
7,000
7,800
Oregon
13,000
13,000
13,900
13,500
Pennsylvania
15,000
15,000
14,000
14,000
South Carolina
3,500
3,000
3,300
3,200
Tennessee
7,500
7,000
7,400
7,000
Texas
26,000
27,000
29,000
26,000
Virgina
5,500
5,000
5,000
4,800
Washington
7,000
8,000
7,600
7,300
Wisconsin
47,000
72,000
77,000
72,000
Other States**
30,700
33,000
33,700
35,400
United States Total
380,000
430,000
435,000
420,000
* New England includes Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, and
Vermont.
** Includes data for States not published in this table
*** Table adapted from United States Department of Agriculture (USDA) National Agricultural
Statistics Service (NASS) Sheep and Goat annual reports (USDA, 2022)
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However, milk production could still be much greater than noted in official statistics due
to unreported operations from hobbyists and small farms. With so few dairy goats and a niche
target market, much of the dairy products include raw milk, raw milk cheeses, lotions, and soaps.
While non-edible products can be sold with very little regulation, edible raw products are severely
scrutinized by the state’s legislature.

Figure 2.3

Legal status of the sale of raw milk and outbreaks linked to raw milk, by state from
2007 to 2012.

Figure and data from the Centers for Disease Control and Prevention. Source of legal status of
the sale of raw milk data from the National Association of State Departments of Agriculture
(NASDA)
Currently, Mississippi regulations limit access to raw goat milk. According to MS Code §
75-31-65 (2019), raw goat milk can only be sold by “on-farm sales” directly to the consumer on
the farm by the producer. Along with this, no advertising of raw milk is allowed and there must be
a “Buyers Beware” statement on the packaging. The Mississippi House Bill 12 also requires that
the seller can only have nine or fewer producing goats located on the farm where milk is sold. This
8

is a huge limitation to producers as many house more than 9 goats and the number can easily
double or triple during kidding season. The ordinance also requires milking to take place in a clean
environment enclosed by a wall to prevent insects, a fly trap to be in the milking area, and sterile
containers to be used for the milking process and storage (MS Code § 75-31-65, 2019). In 2019,
the Mississippi Legislature introduced House Bill 609 which would completely outlaw the sale of
goat milk, sentence violators to 60 days in jail, and pay fines up to $500. This would have a
significant impact on small farms and their consumers. Luckily for Mississippi producers, this bill
died in committee March 2021.
For producers to sell their products without all the regulations listed in Mississippi Code
75-31-65, they must be registered as a Grade “A” Dairy. Each state’s health department is in charge
of establishing its minimum regulations for Grade A milk based on the United States Food and
Drug Administration's publication called the Grade A Pasteurized Milk Ordinance (PMO) (Park,
2010). The PMO serves as an advisory to assist regulatory agencies to promote the establishment
of effective and well-balanced milk sanitation programs in States to encourage uniform milk
products and enforcement procedures with legal and educational actions (FDA PMO, 2019). Milk
is required to be pasteurized and follow the PMO to be able to be sold across state lines. More
details on the PMO will be further discussed in the milk processing and treatment section.
Milk Production
Goats are ruminant mammals; therefore, lactation comes after the development of the
mammary gland. During pregnancy, the endocrine system will go through dramatic changes to
turn a nonfunctional gland into a milk-producing organ.
Lactation is typically divided into four stages. These stages are mammogenesis,
lactogenesis, galactopoiesis, and involution (Svennersten-Sjaunja and Olsson, 2005). Lactation is
9

typically divided into four stages. These stages are mammogenesis, lactogenesis, galactopoiesis,
and involution (Svennersten-Sjaunja and Olsson, 2005). Mammogenesis is the physical
development of the mammary gland and its associated structures (Wilde et al., 1997).
Mammogenesis begins at birth but takes off before and after puberty developing a system of ducts
and branches. Once the animal establishes pregnancy, lactogenesis begins. This is the process of
functional differentiation that mammary tissue undergoes when changing from a non-lactating to
a lactating state (Neville et al., 2001). During this time the ducts and branches established
previously will proliferate and become more complex as it incorporates secretory, vascular, and
lymphatic tissues. After parturition, lactation begins. Galactopoiesis is the maintenance of lactation
once the production of milk by the mammary glands has been established (Capuco and Akers,
2011). Dairy goats typically average 284 lactating days or approximately 9 months (Van Saun et
al., 2008). As lactation slowly comes to an end involution begins. Involution is the period of cell
death between milk removal cessation and the subsequent lactation (Wilde et al., 1997). All of
these stages are heavily influenced by reproductive and metabolic hormones such as oestrogen,
progesterone, lactogen, prolactin, oxytocin, growth hormone, thyroid hormone, and insulin
(Svennersten-Sjaunja and Olsson, 2005). Of these hormones, oxytocin is primarily responsible for
the stimulation of cell contraction which allows the release of milk from cells.
Milk is synthesized in the mammary tissue of the udder in sack-like structures called
alveoli. The alveoli are lined with a single layer of secretory epithelial cells which are surrounded
by contractile myoepithelial muscle cells (Figure 2.4). The epithelial cells absorb nutrients from
the blood, transform them into milk, and discharge the milk into the cavity of the alveolus, called
the alveolus lumen. Stimulation by the hormone oxytocin causes the myoepithelial cells to contract
and milk is pushed out of the alveolus lumen where it moves through secondary ducts and on to
10

primary ducts into the grand cistern and finally the teat cistern (Figure 2.5). During the process of
milking the milk exits the udder through the teat canal (Nickerson and Akers, 2011). Milk is
typically a sterile product while it is within the udder except when the animal is sick or has an
intramammary infection. Besides those times, milk products are typically introduced to
contaminates once it leaves the teat canal which can harbor bacteria if not disinfected properly
before milk collection.

Figure 2.4

Alveoli structure including the alveoli, myoepithelial cells, epithelial cells, and
milk duct.

Image source not found. Copyright to Pearson Education Inc. publishing as Benjamin
Cummings.
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Figure 2.5

Udder structure including a lobe, lobule, alveoli, ducts, and the udder and teat
cisterns.

Figure adapted from GEA Farming.
Goat Milk Composition
Goat milk began gaining attention in the United States in the 1960s due to its attractive
nutritional and health benefits (Clark and Garcia, 2017). Since then, research has expanded to
understand the impact and importance it plays in modern-day human nutrition.
Goat milk, caprine milk, is defined as the normal lacteal secretions, practically free of
colostrum, obtained by the complete milking of one or more healthy goats (Milani and Wendorff,
2011; FDA PMO, 2019). According to FDA standards, milk must contain a minimum of 3.25%
fat and 8.25% milk solids, including protein, lactose, and minerals (Park, 2010). Goat milk has
become popular for its many advantages over cow’s milk as it is a very nutrient-rich liquid with a
neutral pH and a variety of probiotics (Von Nubeck et al., 2015; Ranadheera et al., 2019). On
12

average, goat milk contains about 12.2% total solids. This is made up of approximately 4.1%
lactose, 3.5% protein, 3.8% fat, and .8% ash or minerals (Park and Haenlein, 2006).
Goat milk is often known as a substitute for human patients that are allergic to bovine milk
due to its comparative nutritional values but lower allergenicity (Figures 2.7 and 2.8). Studies have
shown that on average, it takes 5 times more caprine milk than bovine to trigger an adverse reaction
(Silanikove et al., 2010). This is thought to be due to the decreased amount of lactose in goat's
milk. However, since goat milk contains only 4.1% lactose compared to 4.7% in cows, this cannot
be considered an absolute substitute for lactose intolerant patients (Silanikove et al., 2010). More
recent studies suggest that the real reason goat milk seems to be less allergenic is actually due to
the protein makeup.
The profile of goat milk protein is similar to human milk as it has a low amount of αs1casein. This protein can be selectively bred out of goats but typically only makes up about 10-13%
of the goat’s protein amount. This is a relatively low amount compared to cow's milk, in which
αs1-casein makes up 31% of milk proteins (Kishore et al., 2013). Since goat milk typically only
ranges from 0 to 7 g/L of casein proteins, it can be compared to human milk which completely
lacks the protein (Silanikove et al., 2010). Studies claim that the α-casein protein acts as a carrier
for other allergens such as β-lactoglobulin, which, due to their tight bonds, makes the protein more
difficult to separate and digest (Lara-Viloslada et al., 2004). Thus, since there are fewer proteins
available to carry allergens, the milk can be considered less allergenic. The αs1-casein can also be
attributed to the digestibility of goat milk as it creates a softer curd with a shorter coagulation time,
allowing for easy digestion (Clark and Garcia, 2017).
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Figure 2.6

Goat milk’s nutritional values compared to regular and lactose-free cow milk.

Figure adapted from HealthLine with food analysis sourced from the USDA Food Composition
database (2019).
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Figure 2.7

Goat milk’s nutritional values compared to plant-based milks.

Figure adapted from HealthLine with food analyses sourced from the USDA Food Composition
database (2019). It is noted that calcium in plant-based milk is not natural to the plant but added
through fortification, meaning levels can vary depending on the brand producing the milk
alternative.
The fat globules in goat milk contribute to the enhanced digestive action as they are smaller
and more dispersed providing the lipases with a greater surface area for digestive action (Park and
Haenlein, 2006). The globules typically range from 1 to 10 µm, approximately 80% of the globules
are smaller than five (Silanikove et al., 2010). This small size creates a naturally homogenized
product, allows for a softer texture, and, along with a neutral pH of about 6.4 to 6.6 and high
buffering capacity, can help adults with gastrointestinal disturbances and ulcers (Silanikove et al.,
15

2006; Mahmood and Usman, 2010). The overall fat content, or butterfat, in goat milk is also lower
than cow’s milk and generally ranges between 3 and 6% (Getaneh et al., 2016). Goat milk contains
a large proportion of medium chain triglycerides (MCTs) such as caproic, caprylic, and capric acid
(Silanikove et al., 2006). These MCTs provide various health benefits such as having antiviral and
antibacterial properties, inhibiting or limiting cholesterol deposition, dissolving cholesterol
gallstones, and allowing for rapid intestinal absorption of nutrients (Getaneh et al., 2016;
Silanikove et al., 2006). Unfortunately, the high proportions of the MCTs can contribute to a
“goaty” odor or flavor. Goat milk contains complex oligosaccharides that are similar in profile to
human milk and can act as an anti-inflammatory, prebiotic, and anti-infective agent. The milk
typically has between 250 and 300 mg/L of these oligosaccharides (Silanikove et al., 2006). High
levels of taurine in the milk are also known to be beneficial as it helps regulate blood pressure,
raise exercise capacity, and alleviate muscle fatigue and other ailments (Silanikove et al., 2006).
It is important to note, that significant variations in the makeup of milk can occur due to a
wide variety of factors including external environment, time of year, region, herd health, age,
breed, lactation stage, nutrition, and farm management practices (Li et al., 2018; Gaya et al., 1996;
Morand-Fehr et al., 2007; Zhang et al., 2017). These factors can influence the quality, composition,
and amount of milk being produced. Other factors can include milking frequency. It has been
observed across mammals, that the increased frequency of milking increases the milk secretion
rate, effectively maximizing milk production (Silanikove et al., 2010). Extrinsic factors can also
influence the microbial load of the milk due to contaminations within the milking and milk
handling practices (Verdier-Metz et al., 2009). For example, this could include environmental
conditions in a bedding area that could affect the milk quality and overall safety. Literature has
stated that bacterial exposure at the teat end due to contact with bedding and other environmental
16

factors is a primary source of pathogen exposure (Figure 2.9) (Rowbotham and Ruegg, 2015; Patel
et al., 2019). If the teats are not fully disinfected in the milking process, microorganisms picked
up from dirty bedding could cause contamination of the milk during milking.
Milk Quality Factors
According to the Dairy Practices Council (2006), basic procedures for desirable goat milk
quality depend on the emphasis on the importance of clean, sanitary procedures being in place to
avoid environmental contaminants. After milking, the milk needs to be quickly cooled to 36-40℉
and needs to be maintained there until pasteurization occurs and during any transportation.
According to Mahmood and Usman (2010) goats milk’s pH typically ranges from 6.48 to 6.64.
The water content of dairy products usually ranges from approximately 2.5 to 94% (w/w) but is
noted as about 89% in pasteurized goats’ milk which is noted to be similar in value for
unpasteurized milk (Fox and McSweeney, 1998). As stated in the previous section on composition,
goat milk is full of nutrients and minerals which creates a rich medium for spoilage and pathogenic
bacterial growth which can adversely affect the quality. Spoilage microorganisms in particular can
cause off-odors and off-flavors as they grow over the milk’s storage period.

17

Figure 2.8

Environmental factors that influence contaminant pickup.

Diagram from Patel et al., 2019
Natural Antimicrobials
Milk composition and yield are heavily influenced by udder and mammary gland health.
Complex endocrinological and physiological regulatory systems are essential for the synthesis of
milk, but it requires proper gland development and functionality for metabolic precursors from the
blood to be converted to milk within the cells of the mammary gland (Silanikove et al., 2010). It
has been noted that infections within the mammary gland, also known as mastitis, are associated
with inflammation, proteolysis of casein, a decrease in the concentration of lactose, and an increase
in plasmin activity compared to an uninfected gland (Silanikove et al., 2010). A mastitis infection
in the udder can cause an increase in somatic cell count as the body tries to fight off the infection.
Somatic cells include lymphocytes, macrophages, leucocytes, and some epithelial cells (Murphy
et al., 2016). A high somatic cell count is undesirable as it has a direct impact on the quality and
amount of milk produced. Another major influencer on milk production includes kidding season
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as the forages available and the number of offspring will influence the milk yield, composition,
lactation length, and somatic cell count (Zamuner et al., 2020).
Milk products also contain a variety of inherent antimicrobials including lactanin,
lysozyme, lactoferrin, and lactoperoxidase (Losnedahl et al., 1998; Quinto et al., 2019). Lactanin
is a bacterial growth inhibitor that is active mostly against Streptococcus pyogenes which can be
a causative agent for mastitis (Losnedahl et al., 1998). Lysozyme is another antimicrobial that is
known to cause hydrolysis of the cell wall of Gram-positive bacteria. Gram-negative bacteria are
typically resistant to lysozyme (Losnedahl et al., 1998; Reddy and Puniya, 2012). Lactoferrin is a
glycoprotein that binds to iron in the milk effectively cutting off the availability to bacteria that
require iron for growth. Lactoferrin is effective against Staphylococcus aureus, Staphylococcus
albus, Pseudomonas aeruginosa, Vibrio cholerae, Clostridium tyrobutyricum, Bacillus
stearothermophilus, and Bacillus subtlis (Losnedahl et al., 1998; Reddy and Puniya, 2012).
Lactoperoxidase, a defensive milk protein, can act as a bacteriostatic or bactericidal agent by
oxidizing ions in the milk to produce molecules with antimicrobial activity (Buys and Seifu, 2022;
Reddy and Puniya, 2012). Specific bacteria of interest that lactoperoxidase can protect against
include Escherichia coli, Salmonella typhimurium, and Group’s A, B, and N Streptococci. Other
bioactive components in milk include glycoproteins, sphingolipids, oligosaccharides, hormones,
lagases, and various peptides (Steijns, 2001).
Goat Milk Safety
Despite the perceived health advantages, the safety of raw goat milk is the most important
factor that comes into play as it could affect the wellbeing of consumers. Raw milk is a nutrientdense product with a neutral pH thus providing an ideal environment for microorganism growth
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(Gonzales-Barron et al., 2017; Von Neubeck et al., 2015; Li et al., 2018). Since it is an
opportunistic food source, it is known to harbor complex microbial communities (Li et al., 2018).
Contamination
Milk provides a great breeding ground for a variety of microorganisms including spoilage
and pathogenic bacteria. Some of the most common pathogenic bacteria identified in raw milk
products ranging from camel, sheep, cow and goat species include Escherichia coli O157:H7,
Listeria monocytogenes, Salmonella spp., Staphylococcus aureus and Campylobacter jejuni
among a variety of others (Dhahir et al., 2020; Gonzales-Barron et al., 2017; Silanikove et al.,
2010; Berge and Baars, 2020). These microorganisms are strongly associated with fecal and
environmental contamination and can cause foodborne illnesses (Berge and Baars, 2020). It is
known that milk within the udder of a healthy animal is a sterile product. This makes the bacteria
found in milk products a result of contamination (McInnis et al., 2015). The two ways
contamination can occur include endogenous transfer when the contamination comes from the
blood or an infection in the udder, and exogenous transfer, when contaminates are introduced
during or after the milking process (Gonzales-Barron et al., 2017). Common sources of
contamination can be due to the udder skin, air quality, silage and feeds, cross-contamination of
feeds by manure, poor-quality bedding, milking practices, contaminated milking equipment, or
mastitis infection (Verdier-Metz et al., 2009; Gonzales-Barron et al., 2017).
Pathogens
Escherichia coli is just one species in Enterobacteriaceae, a family of over 40 genera and
180 species. This family of microflora is natural in the digestive tracts of humans and animals,
especially in the intestines. Often, this bacterium is shed in the feces of an animal and contaminates
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food products or water which can lead to major foodborne illness outbreaks in products such as
raw vegetables, undercooked meats, and other animal food products. E. coli can cause a variety of
diseases and infections such as gastroenteritis, dysentery, hemorrhagic colitis, hemolytic uremic
syndrome, urinary tract infections, septicemia, pneumonia, and meningitis (Bhunia, 2018). Shiga
toxin-producing E. coli (STEC or E. coli O157:H7) is an especially important sreotype as it can
create infections in humans with as few as 50-100 cells present (Bhunia, 2018; Jayarao et al.,
2006). In dairy goats specifically, not properly disinfecting the teat can result in stuck-on manure
making it into the milk supply. E. coli O157:H7 has been associated with several foodborne
outbreaks in the United States related to unpasteurized dairy products (Dhahir et al., 2020). While
not all E. coli serotypes are harmful, their presence in a food product is an important indicator of
fecal contamination which suggests the risk of other pathogenic presence. It has been suggested
that E. coli growth in unpasteurized may be slower than in pasteurized milk due to competition
with other bacteria (Wang et al., 1997). In a CDC study from 2007 to 2012, 81 outbreaks from 26
states were associated with unpasteurized milk. From these outbreaks, the second-highest
causative agent was STEC (17%) (Mungai et al., 2015). Pasteurized milk is also subject to E. coli
outbreaks and can be observed in the 2019 recall of pasteurized skimmed, semi-skimmed, whole
milk, whipping cream, and double cream from Darwin’s Dairy in Yorkshire, England (BBC,
2019).
Listeria monocytogenes is another important pathogenic bacterium that can be found in
dairy products (Dhahir et al., 2020). Listeria causes the disease Listeriosis which can cause
abortion in pregnant women, gastroenteritis, fever, and uveitis (Bhunia, 2018; Gaya et al., 1996).
It is especially dangerous to the immunocompetent and immunosuppressed which includes elderly
individuals, very young children, immunocompromised individuals, and pregnant women. L.
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monocytogenes is typically found in the soil, decaying vegetation, silage, sewage, and animal
intestines and feces. It often infects humans through food products that are consumed without
further cooking. This includes ready-to-eat foods, deli meats, dairy products, and fruits and
vegetables (Bhunia, 2018). Listeria typically can survive during manufacturing and ripening of
some cheeses and has the ability to grow in high pH’s making soft cheeses one product of concern.
(Gaya et al., 1996). Listeria has also been indicated as a causative agent in other dairy outbreaks
in products such as ice cream and butter (Pouillot et al., 2016; Maijala et al., 2001).
Salmonella is a high-risk foodborne pathogen associated with milk (Dhahir et al., 2020). It
is typically transmitted through fecal-oral contamination as it is found in the intestinal tract of
humans, birds, reptiles, turtles, insects, and farm animals. Salmonella can cause diseases such as
gastroenteritis, typhoid fever, and septicemia with symptoms including diarrhea, fever, nausea,
stomach cramps, vomiting, and headaches. Typically, Salmonella is consumed through
contaminated foods of animal origins, a well-known carrier of the bacteria includes poultry. It can
also contaminate foods such as fruits, vegetables, and nuts due to animal-to-human or human-tohuman transmission (Bhunia, 2018). Outbreaks of Salmonella are often prevented through
pasteurization but still have occurred. One outbreak, in particular, occurred in 2000 in
Pennsylvania and New Jersey when 93 people were ill from Salmonella enterica serotype
Typhimurium from pasteurized cows milk. Inspectors from the FDA found violations of sanitary
standards that resulted in post-pasteurization contamination in the processing and packaging areas
(Olsen et al., 2004).
Staphylococcus aureus is a natural inhabitant of human and animal skin, respiratory tracts,
and intestinal tracts. It can cause skin infections, endocarditis, toxic shock syndrome, sepsis,
pneumonia, joint infection, arthritis, food poisoning, and mastitis. Specifically, S. aureus can be
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responsible for food poisoning through enterotoxin production. This can lead to severe vomiting,
cramping, diarrhea, nausea, headache, dizziness, shivering, and weakness. In the case of mastitis,
these bacteria will cause an infection and inflammation within the mammary gland (Bhunia, 2018).
This can lead to high somatic cell counts, chunky and off-colored milk, and a decrease in milk
yield. This pathogenic bacterium is noted as the leading cause of intramammary infections in goats
and creates significant economic losses across the dairy industry as a whole (Hein et al., 2005;
Rola et al., 2015).
Staphylococcus aureus is typically transmitted to food through food handlers and
improperly cleaned equipment. A study by D’Amico and Donnelly (2010) found that S. aureus
was the most common pathogen detected in raw milk used for small-scale artisan cheese products
in Vermont. S. aureus is associated with a wide variety of food products but often includes creamy
foods prepared with milk and milk products, cheese, puddings, pastries, dressings, fish, meats, deli
foods, and pasta (Bhunia, 2018). S. aureus is noted to cause about 241,000 cases of food poisoning
in the United States each year and is considered one of the world’s leading causes of foodborne
disease outbreaks (Dai et al., 2019).
Campylobacter jejuni is a gram-negative spiral bacterium that can cause symptoms like
abdominal cramping, nausea, fever, muscle ache, and diarrhea (Bhunia, 2018). It is normally found
in livestock, poultry, and wild animals and can be difficult to control in raw foods making proper
sanitation during production, processing, and handling very important in preventing infection
(Bhunia, 2018). C. jejuni is common throughout the world and has been shown to appear in raw
milk products. Harris et al. (1987) stated that goats have been known to carry C. jejuni in their
natural bowel microflora and that direct fecal contamination of milk is the hypothesized
mechanism of contamination. Rapp and Ross (2012) studied the prevalence of six different
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Campylobacter species in New Zealand dairy goat herds and found that out of 249 fecal samples,
C. jejuni was detected in 20% of samples. Between 2002 and 2008, five raw milk outbreaks in the
United States were linked back to Campylobacter spp. (Pyz-Łukasik et al., 2015). In 2021, a
California goat dairy issued a recall of unpasteurized, raw milk due to illegal levels of C. jejuni
(Beach, 2021). This same producer had recalls in 2019 and 2020 due to Campylobacter spp. in its
raw milk.
Preventive Measures
There are endless ways to introduce bacteria in milk but there are also a variety of
preventative measures to restrict contamination. It has been seen throughout literature that safe
high-quality milk is directly related to the health and hygiene of the animals (Berge and Baars,
2020). Besides animal maintenance, effective pre-milking hygienic practices can reduce the
number of bacteria on the teat skin, and therefore decrease the bacterial load that could otherwise
adulterate milk and decrease milk quality (Baumberg et al., 2016). Research has been conducted
throughout the years to increase the effectiveness of teat sanitation and various disinfectants.
Implementation of effective cleaning procedures of the udder before milking can reduce the risk
of fecal contamination but not totally eliminate it (Gonzales-Barron et al., 2017). A study by Galton
et al. (1986) found that pre-dip teat sanitizers could reduce bacterial counts by 44% and combining
the sanitizer with drying reduced bacterial counts by 85%. Other studies have confirmed that predipping and drying teats are the most effective way to reduce microbial counts (Elmoslemany et
al., 2010; Verdier-Metz et al., 2009). Elmoslemany et al. (2010) noted that pre-milking teat
disinfection has been associated with a reduction in coliform count, total aerobic bacteria,
anaerobic spore count, standard plate count, and preliminary incubation count. There are currently
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a wide variety of teat sanitizers on the market to aid in disinfection before the milking process
begins.
Other important hygienic measures include handwashing and disinfection and sterilization
of milk containers. A study on Iranian food handlers showed a significant drop in frequency of
pathogenic hand contamination dropping from 72.8% to 32% after utilizing handwashing. These
bacteria included Bacillus spp., E. coli, Entrobacter spp., Klebsiella spp., and S. aureus (Shojaei
et al., 2006). A similar study looked at the effect of washing and disinfecting milk containers in
Mali, Africa (Bonfoh et al., 2006). They found that hygienic interventions (material disinfection
with sodium hypochlorite and handwashing) significantly reduced the total colony counts and
Enterobacteriaceae counts (Bonfoh et al., 2006).
Milk Processing and Treatment
Pasteurization of milk was industrialized in the 1800s to address the common outbreaks of
milk-borne diseases as milk and dairy production and distribution began to increase. At the time
many illnesses such as typhoid fever, polio, scarlet fever, streptococcal infections, and diarrheal
diseases were associated with contaminated milk products (Alegbeleye et al., 2018). The main
intentions of pasteurization include killing pathogenic microorganisms, inactivating spoilage
organisms, and inactivating enzymes that can decrease milk quality (Melini et al., 2017).
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Figure 2.9

Proper milking routine to control mastitis and milk quality.

Figure adapted from CID LINES (2022). It is important to note that even though the figure is for
cows, the same routine can be utilized for other lactating mammals such as goats.
Pasteurized Milk Ordinance
In 1924, the United States Public Health Service Food and Drug Administration (USPHS
FDA) created the Standard Milk Ordinance. This was a voluntary safety standard to provide
uniform compliances and milk products across the states. Today, it is called the Grade “A”
Pasteurized Milk Ordinance (PMO). The PMO is an industry standard for dairy farms and dairy
food processing plants to prevent milk-borne diseases. It is currently adopted in 46 states while the
remainder have similar laws. All milk that will be sold across state lines must be pasteurized and
follow the PMO according to the US Federal Regulations. The PMO is revised every two years to
keep up with the processing, packaging, and sale of Grade “A” milk and milk products based on
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proposals, discussions, and votes of government officials, academic professionals, and dairy
industry representatives (Kaylegian, 2021).
The PMO sets the standards for abnormalities in milk, milk types, farm inspection
regulations, HACCP plans, pasteurization times, and a variety of other quality control aspects for
milk. The PMO also sets chemical, physical, temperature, and bacteriological standards which
creates the differences between a Grade “A” fluid milk and further processed milk products.
Safety Standards
The Pasteurized Milk Ordinance defines the bacterial counts for raw and pasteurized milk.
Bacterial limits for Grade “A” milk and milk products require that somatic cell count should not
exceed 100,000 cells per mL before comingling and coliforms cannot exceed 10 CFU/ mL (FDA
PMO, 2019). Comparatively, the European Union coliform standards allow 100 or fewer colony
forming unit per mL (CFU/mL) (Berge and Baars, 2020). The standard plate count, which is
defined by aerobic colony-forming units, are not to be greater than 100,000 CFU/mL from an
individual producer before pasteurization (Garcia et al., 2014) Typically, psychrotrophs account
for 90% or more of the total bacterial count in good quality milk, other differences suggest
contamination from undesirable bacteria (Silanikove et al., 2010). The PMO does not set a specific
limit of cells per mL for E. coli or S. aureus.
Pasteurization
It was reported by the CDC (2019), that common pathogens in raw milk across varying
species include Brucella, Campylobacter, Cryptosporidium, E. coli, Listeria, and Salmonella.
These pathogens are primarily linked to fecal contamination. To combat these diseases, the PMO
recommends the pasteurization of milk products before usage. The FDA defines pasteurization in
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the Code of Federal Regulations (CFR) Title 21 as every particle of a product having been heated
in a properly operating equipment system to the specified temperature and being held continuously
at or above that temperature for the specified time (Table 2.3). The time and temperature
regulations can vary based on the fat content, solids content, any added ingredients or sweeteners,
and the type of pasteurization equipment used (i.e. batch or vat pasteurization or continuous flow
pasteurization) (FDA CFR, n.d.). With pasteurization, almost all pathogens are typically killed,
however, some heat resistant spores can remain (Melini et al., 2017).
Other Technologies
In the dairy industry, there are various pasteurization methods and hurdle technologies that
can be used to avoid a foodborne illness outbreak among consumers. These methods can include
high temperature, short time pasteurization (HTST), high heat, short time (HHST), ultra-high
temperature pasteurization (UHT), ultra-pasteurization (UP), high-pressure cold pasteurization
(HPCP), microfiltration, and refrigeration to name a few. High temperature short time
pasteurization is one of the most widely used methods of pasteurization in the United States
currently and gives products about a 3-week shelf life (Jo et al., 2018). This method uses metal
plates and hot water to raise milk temperatures and then rapidly cool the milk (IDFA, 2022). A
similar process occurs in HHST but with the use of different equipment and temperatures. Ultrahigh temperature thermally processes the milk at or above 280℉ for at least 2 seconds.
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Table 1.3

Alternative milk processing technologies.

Technology

Mechanism of Action

References

Pulsed Electric
Field (PEF)
High Pressure
Processing
(HPP)
Ultra-High
Pressure
Homogenization
Ultrasonication

PEF uses pulses of high voltages to food products for short time
periods and degrades cell membrane through electroporation.
HPP uses non-thermal processing causing cell damage and
destruction of certain enzymes and proteins due to pressure,
exposure time, and temperature of the medium or matrix
UHPH forces fluids through a narrow hole at pressures over
100MPa. The rapid acceleration results in shear, friction,
turbulence, cavitation, and extreme pressure drop.
Ultrasonication produces longitudinal waves creating regions of
alternating compression and expansion (cavitation) of gas bubbles.
This makes waves of high temperature and pressure as well as free
radicals and reactive species that inactivate microbes in the
product.
Cold plasma uses ultraviolet light to cause DNA fragmentation
and leakage. It uses reactive oxygen species to create DNA
damage, lipid oxidation, protein oxidation, cell perforation, and
interrupts cell respiration. The cold plasma also has charged
particles that cause cell perforations releasing ions, DNA and
allows the cell to become acidified.
LED uses photodynamics to inactivate microorganisms through
oxygen and reactive oxygen species production.
SCCO2 diffuses CO2 into the cell and alters the pH of the
microorganism.

Pol et al.,
2000
Garriga et al.,
2004;
He et al., 2019
Tribst et al.,
2008

Cold Plasma

Light-Emitting
Diode (LED)
Supercritical
Carbon Dioxide
Technology

Chouliara et
al., 2010

Coutinho et
al., 2018

Srimagal et
al., 2016
Dillow et al.,
1999

Pasteurization Effects
Since pasteurization is a thermal process, it does create some changes in the composition
of the milk. Vitamins A, D, and K are fat-soluble and do not suffer much loss during pasteurization
(LeJeune and Rajala-Schultz, 2009). It was found, however, that vitamin B12, B2, and E decrease
during pasteurization and vitamin C and folate can be destroyed suffering losses of 0-10%
(LeJeune and Rajala-Schultz, 2009; Melini et al., 2017). The nutritive value of milk proteins such
as caseins, whey, and others is largely unaffected by pasteurization (Melini et al., 2017). Bacterial
agents in milk typically stay the same after pasteurization. Lactoferrin, lactoperoxidase, and
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lysozyme retain the majority of their activity but can denature with excessive heat over time
(LeJeune and Rajala-Schultz, 2009). Bacteriocins and oligosaccharides are both heat stable and
can continue their antimicrobial activity after pasteurization. Lactose, the primary milk sugar, can
be degraded into lactulose which can create digestive issues in individuals who already suffer from
lactose intolerance (LeJeune and Rajala-Schultz, 2009). As for organoleptic effects, heat treatment
can create a cooked flavor due to sulfur compounds being released from denatured whey proteins
in ultrahigh treatments (Melini et al., 2017). A caramel-like flavor and browning can also be caused
by the Maillard reaction during the denaturation of lactose (Melini et al., 2017). Other flavors that
have been characterized by thermal treatments, especially UP and HTST, include cooked, cabbage,
and sulfurous notes. (Jo et al., 2018). Other milk effects created by heat treatment can include the
disaggregation of fat globules, reduction in the bioactivity of proteins and peptides, and reduction
of antioxidants (Alegbeleye et al., 2018).
Table 2.2

Pasteurization temperatures and holding times based on method.
Batch (Vat) Pasteurization
Temperature
Time
145°F (63°C)*
30 minutes
Continuous Flow (HTST and HHST) Pasteurization
Temperature
Time
161°F (72°C)*
15 s.
191°F (89°C)
1 s.
194°F (90°C)
0.5 s.
201°F (94°C)
0.1 s.
204°F (96°C)
0.05 s.
212°F (100°C)
0.01 s.

Table adapted from the FDA Grade “A” Pasteurized Milk Ordinance
*If the fat content is 10% or greater, total solids is 18% or greater, or if the product contains
sweeteners, the specified temperature has to be increased by 5°F (3°C)
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CHAPTER III
UNDERSTANDING THE MICROBIAL PROFILE OF DAIRY GOAT MILK AND FARMER
FOOD SAFETY PERCEPTIONS IN MISSISSIPPI
Abstract
Dairy goat populations have been growing in the US making goat milk production an
opportunistic field to pursue. Currently, 30 states allow the sale of raw milk, including Mississippi,
which imposes strict regulations that limit sales to very small farmers. While this poses a potential
threat to consumers, the direct ban of raw products would be detrimental for local farmers who
lack the resources needed to pasteurize and further process their goods. The objectives of the study
were to determine the incidence of pathogens and microbial indicators in raw goat milk and to
survey farmers’ practices to identify deficiencies and opportunities for improvement in safety.
Milk samples were obtained from Mississippi dairy goat farmers who used standard milking
techniques to collect the samples. They were tested for Salmonella, Listeria monocytogenes, E.
coli, and Staphylococcus aureus along with the quantification of total mesophilic microbes. There
was a low incidence rate of major pathogens, however, producers still have room for improvement.
All samples (n=30) were free from Salmonella spp. and Listeria monocytogenes but
Staphylococcus aureus, total coliforms, Enterobacteriaceae, and E. coli were prevalent in 21, 12,
10, and 4 samples, respectively. The survey portion of the study displayed our farmers' needs for
more educational opportunities on safe milk handling, with emphasis on the effectiveness of
handwashing, as only 44.8% of surveyed producers wash their hands between animals during the
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milking process. Survey results showed that 80.8% of producers would invest more in their farms
if they had more freedom to advertise and sell their products thus creating a strategic opportunity
for extension outreach to help with market expansion and sustainability.
Key Words
Dairy Goat, Raw Milk, Foodborne Disease
Introduction
Despite cow’s milk being predominantly consumed around the world, other species have
been introduced to the dairy production industry including sheep, water buffalo, yak, camel, mare,
and goat (Park and Haenlein, 2006). Caprine, or goat milk, in particular, is a growing industry that
has been essential to the wellbeing of millions of people worldwide and plays a crucial role in the
economies of many countries (Silanikove et al., 2010). While the dairy goat industry is still
relatively new in the United States, demand for dairy goat milk, yogurt, cheese, and other products
are rising from immigrant and affluent consumer demand (Lu and Miller, 2019). Goat milk has
been perceived to have attractive nutritional and health benefits as it consists of a variety of
proteins, fatty acids, and minerals and is less allergenic and easier to digest compared to traditional
cow’s milk (Clark and Garcia, 2017; Silanikove et al., 2010). Despite the health advantages, the
safety of raw goat milk is the most important factor that comes into play as it could affect the
health of consumers. Raw milk is a nutrient-dense product with a neutral pH thus providing an
ideal environment for pathogenic and spoilage organism microbial growth (Gonzales-Barron et
al., 2017; Von Neubeck et al., 2015; Li et al., 2008).
While there are a wide variety of extrinsic factors that create variations in the composition
of milk, one of the most important factors is the influence of milking practices and milk handling.
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Some of the most common pathogens identified in raw milk products, including goat milk, include
Escherichia coli O157:H7, Campylobacter jejuni, Listeria monocytogenes, Salmonella spp., and
Staphylococcus aureus (Dhahir et al., 2020; Gonzales-Barron et al., 2017; Berge and Baars, 2020).
These microorganisms are strongly associated with fecal and environmental contamination and
can cause foodborne illnesses (Berge and Baars, 2020). Common sources of contamination can be
due to the udder skin, air quality, silage and feeds, cross-contamination of feeds by manure, poorquality bedding, milking practices, contaminated milking equipment, or mastitis infection
(Verdier-Metz et al., 2009; Gonzales-Barron et al., 2017). Despite all the avenues of
contamination, effective pre-milking sanitation practices can reduce the number of bacteria on the
teat skin, and therefore decrease the bacterial load that could otherwise adulterate milk and
decrease milk quality (Baumberger et al., 2016).
The objectives of this study were to 1) examine the microbial profile and prevalence of
common foodborne pathogens in milk from local Mississippi dairy goat farms and 2) understand
dairy goat farmers' knowledge of food safety and their milking practices.
Materials and Methods
Milk collection: Five Mississippi farms were identified to participate in the study on a
volunteer basis. Raw milk was collected by the farmers into sterile 50 mL centrifuge tubes.
Typically, milk samples were comingled from up to 3 goats (n= 26) and some milk samples were
from only one goat (n= 4). The samples were collected in duplicate and were replicated once a
week for three consecutive weeks with some variation based on farmer schedules. The farmers
were instructed to use their everyday milking techniques to collect and store the milk. The farmers
were then instructed to store the samples in their household refrigerator until collected. They were
then held on ice until arrival at the laboratory, transportation varied from 30 minutes to three hours.
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Overall, 30 caprine milk samples were collected over a two-month period from October to
November 2021.
Milk analysis: The microbial analysis of the goat milk samples was evaluated in duplicate
in accordance with the Food and Drug Administration’s Bacteriological Analytical Manual. Milk
samples were examined for Salmonella spp., Listeria monocytogenes, and Staphylococcus spp. on
Xylose Lysine Deoxycholate Agar, Modified Oxford Agar, and Mannitol Salt Agar, respectively.
Total coliforms, Escherichia coli, Enterobacteriaceae, psychrotrophic plate count, and mesophilic
plate count were determined using the Petrifilm™ culture system (3M Petrifilm™ EC plates, 3M
Petrifilm™ EB plates, 3M Petrifilm™ AC plates). Milk samples were diluted using a 1:10 ratio in
Butterfields Phosphate Buffer and were then plated on the respective or corresponding media type.
All Petrifilm™ plates were hydrated by adding 1 mL of the dilution and incubated at 36 ± 2℃.
The psychrotrophic bacteria were incubated at 4 ± 2℃. The samples were plated on the respective
agar media using the spread plate method and incubated at 36 ± 2℃ for 48 hours before
enumeration. The pH of individual milk samples was also taken.
Survey data collection: For collecting data on farm management and milk handling
practices, a knowledge-based survey was designed through Qualtrics. The survey was comprised
of seven sections (background, milking practices, management practices, products and market,
food safety background, food safety knowledge and risk perception, and demographics) and took
approximately 13 minutes to complete. They survey was developed based on literature and
included some previous USDA survey questions. The survey was shared through five different
social media in groups targeting American dairy goat producers. Overall, 85 individuals
responded. Analysis for the purpose of this paper was narrowed down to Mississippi dairy goat
farmers 18 years of age or older who completed 45% or more of the survey (n= 29). The survey
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protocol was reviewed and deemed exempt by Mississippi State University’s Institutional Review
Board (protocol #21-455).
Statistical analysis: The experiment was a completely randomized design. The total aerobic
plate counts were converted to log10 and the mean values were compared. Pathogens were recorded
by prevalence. All samples were collected in duplicate at three different time points. One-way
analyses of variance (ANOVA) was used to analyze data between sampling periods for each farm
followed by least squares differences comparisons. The microbial results were analyzed using SAS
for Windows (SAS 9.4, SAS Institute Inc., Cary, NC, USA). Survey responses were analyzed
using descriptive statistics in SPSS for Windows (version 28.0.0.0, SPSS Inc., Chicago, IL).
Results and Discussion
Milk analysis: Staphylococcus spp. occurred in the majority (70%) of the samples. Due to
the time of year for data collection, October to November, it aligned with drying-off for many goat
producers. Drying-off is the time where involution occurs within the mammary gland and the
animal is milked less frequently to allow for proper cell death and regrowth of mammary tissue
(Silanikove et al., 2013). Staphylococcus aureus is noted to grow well in milk secretions collected
during the late lactation period before involution begins (Oliver, 1991). Salmonella spp. or Listeria
monocytogenes was not detected in any milk samples (limit of detection 1 CFU/mL) (Table 3.1).
Salmonella was not detected in the samples even after sample enrichment. Coliforms were
observed in all farms except one. According to the Cornell University’s Milk Quality Improvement
Program (2008), coliform counts of less than 50 CFU/mL should be the goal in raw milk products
but less than 25 CFU/mL is achievable. The Pasteurized Milk Ordinance (PMO) sets a standard of
10 CFU/mL for pasteurized milk (FDA, 2015). Six of the 12 samples that contained coliforms
were below 50 CFU/mL but only three were below the PMO’s required 10 CFU/mL. E. coli and
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coliforms are a part of the Enterobacteriaceae family so it can be assumed that the occurrences
denoted by Enterobacteriaceae may overlap with its counterparts or indicate the presence of a
different intestinal bacteria (Table 3.1) (Bhunia, 2018). Enterobacteriaceae occurred in 10 samples
(33%) (Table 3.1). There was a total of 4 E. coli occurrences (13%) on the EC PetrifilmTM. Two
of these occurrences were below the 50 CFU/mL limit as suggested by Cornell University’s Milk
Quality Improvement Program while the other two were above. Further confirmation testing needs
to be conducted to determine the specific serotype of the E. coli present as most strains are not
harmful while others, such as O157:H7, are pathogenic.
While analyzing the data the total plate count from the TSA was compared to the total
aerobic count on PetrifilmTM. While both media types can be used to observe mesophilic bacteria
counts, they produce comparative results. In this study, only the AC PetrifilmTM was enumerated.
For Grade “A” Milk, raw milk’s legal limit for total plate count is 100,000 CFU/mL or 5 log
CFU/mL (PMO, 2015). Literature indicates that 6 log CFU/mL typically indicates poor hygienic
practices during milk production (Yamazi et al., 2013). Due to random variables between farms
like the locations, management techniques, and sampling timepoints in the month, the farms could
not be statistically compared. Therefore, the analysis conducted is between each farm’s three
sampling periods (Figure 3.1). However, from all the farms, only one sample from farm E (S3)
was over the 5 log CFU/mL limit approaching 6 log CFU/mL (Figure 3.1). Farm A biologically
displayed a decrease in mesophilic count over the testing period, but samples were not statistically
different (P > .05). Farm B was the only farm that displayed significant differences between all
sampling periods showing a growth (P < .05) of mesophilic bacteria in sample two and a decrease
(P < .05) in sample three with means of 2.3 log CFU/mL, 3.0 log CFU/mL, and 1.8 log CFU/mL,
respectively. The decrease in colony-forming unit counts could be due to the survey being released
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prior to the completion of sampling, thus influencing producers to use better practices to produce
satisfactory results. Neither farm C nor farm D displayed any significant differences (P > .05) in
mesophilic counts between the individual farms’ sampling periods. Farm D did note that they did
not use hygienic practices due to a misunderstanding of instructions. Farm D was also observed to
have an outdoor milking area compared to farm C which was fully enclosed. Farm E did display a
growth in mesophilic counts during the third sampling period, resulting in the highest (P < .05)
mean of 5.4 log CFU/mL. It is important to note that some samples from farms D and E contained
observable amounts of hair, dirt and debris in the collection tube. This is a possible indicator that
the proper hygienic measures such as wiping away dirt on the dry udder and pre-dipping may not
have been utilized before milking. Only 2 of the 30 samples (0.07%) were filtered. One of the
filtered samples (farm E S3) was the closest to unhygienic standards nearing 6 log CFU/mL while
the other filtered sample was lower than 3 log CFU/mL (farm A S2). The farm E S3 sample
approaching 6 log CFU/mL may indicate that filtering the milk did not remove any bacteria present
in the milk or that the filter may have been contaminated. Further testing between filtered and nonfiltered milk would be beneficial to validate the efficiency of filtering to decrease bacterial load.
The non-selective TSA served as an observational media as we could differentiate some colony
types based on color and morphology. Besides seeing the selected bacterial colonies, Bacillus
species and spore formers were observed as well, along with bacterial colonies of varying yellow,
pink, and grey colors. Bacillus and sporeformers have the potential to be food poisoning causative
agents so further identification would be beneficial to classify the specific Bacillus species present
in the samples (Magnusson et al., 2007). Aerobic PetrifilmTM for psychrotrophic bacteria showed
no growth in any samples after incubation (data not shown). While more samples would strengthen
the relationship, the data show a positive correlation (r = .56, P < .05) between high mesophilic
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counts and high pH values. A study by Ogola et al. (2007) also displayed high pH in relation to
elevated somatic cell count noting it as an indicator for mastitis, which is often caused by
Staphylococcus spp. and other pathogenic bacteria (Figure 3.2).
Survey analysis: There was a total of 33 Mississippi dairy goat farmers who participated
in the survey of those, 29 were utilized based on the inclusion criteria. The demographics indicated
that 73.1% of the Mississippi producers were female. The majority (82.8%) of the producers were
Caucasian while 3.4% of individuals surveyed identified as African American and 3.4% identified
as American Indian or Alaskan Native. Regarding industry purpose, the most popular reason for
keeping goats was milk production (96.6%). In addition, more than half of respondents kept goats
for breeding (58.6%), hobby (58.6%), and for showing (51.7%). When asked to select utilized
milking practices, the majority (69%) of farmers indicated hand milking was their primary
technique for milk collection, however, more than half utilize milking machines (55.2%). When
asked about their hand washing practices, 82.8% of producers indicated they wash their hands
before milking, 65.5% after milking, 44.8% between animals, 6.9% wear gloves during the milking
process, and 6.9% do not wash at all during the process. Horpiencharoen et al. (2019) reported that
hand stripping residual milk after machine milking is associated with higher chances of pathogen
presence. This is important as bacteria on the hands can easily contaminate the milk supply during
the hand milking process and can also lead to the spread of infections, like mastitis, between
animals especially when handwashing is not used intensively.
The majority of producers indicated they “always” utilized proper milking procedures such
as wiping off the dry udder (89.7%), pre-dipping the teats (59.3%), forestripping to remove any
initial bacteria (64%), drying the teat before milking (71.4%), and dipping the teat after milking
(78.6%). However, some producers do not pre-dip (25.9%), forestrip (20%), or dry the teat before
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milking (21.4%). Galton et al. (1986) reports that sanitizers can reduce bacteria counts before
milking by 44% alone and by 85% when combining sanitizers and drying the teat (Galton et al.,
1986). It is also a requirement in the Grade “A” Pasteurized Milk Ordinance that teats are supposed
to be treated with a sanitizing solution and dried before the time of milking (FDA, 2015). This
simple practice could be one step towards lowering bacterial counts and becoming a registered
Grade “A” dairy goat producer.
Pasteurization equipment was mainly inaccessible (70.4%) to producers but when asked if
they would be willing to invest in the equipment if it allowed more opportunities to advertise and
sell products, producers were split down the middle with 25.9% saying no, 29.6% saying yes, and
44.4% saying maybe. Similar results were observed when they were asked about their interest in
pasteurization workshops. Conversely, 59.3% of producers were interested in safe handling
workshops, 33.3% stated they may be interested, and 7.4% said no. The majority (57.7%) of
producers agreed that pasteurization affects the nutrient content of the milk. While we did not
further explore understanding how producers believe it is different, the United States Food and
Drug Administration emphasizes that pasteurization causes little to no influence of nutrients in
milk (FDA, 2018). Pasteurization does, however, have a slight effect on milk as it can increase the
pH and decrease the total fat and solids (Pestana et al., 2015). As a thermal treatment, it also has
the potential to create organoleptic changes within the product at ultra-high temperatures which
can create off-flavors and off-odors (Melini et al., 2017).
In Mississippi, the sale of raw milk is legal with some stipulations. These regulations
require that the milking location must be in a clean environment, have a cement or comparable
floor, must be enclosed by a wall or screen to prevent insects, and must have a fly strap (MS Code
§ 75-31-65, 2018). It also requires sterile containers to be used in the milking process and during
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milk storage. Farmers were asked to rank the importance of these regulations with 0 being
extremely unimportant and 100 being extremely important. On average, producers regarded sterile
equipment as the most important and cared less about the fly strap being in the milking place
(Figure 3.3). Since some of these regulations are seen as less important by producers, it would be
interesting to further explore these sites to see if they should be regulated areas or if legislation
should shift their attention to other potential sources of contamination.
The majority of producers were lacking training in topics such as hazard reduction (81.5%),
hygienic milking practices (77.8%), and food safety (66.7%). The survey also indicated that 88.9%
of producers do not conduct microbial analyses or quality testing of their milk products. This
knowledge gap creates an opportunistic scenario to improve producer expertise through university
extension and other trainings and events. The majority of respondents (80.8%) indicated that they
would invest more money into their operation if they were able to advertise and sell their products
more freely. Training events designed to increase the safety of products could not only help farmers
financially but could bring a new market to Mississippi’s economy and take advantage of the
booming popularity of natural preservative-free or minimally processed products. Besides
extension, the Raw Milk Institute is one source that provides free videos using science-based food
safety principles to improve the safety and quality of raw milk products (Raw Milk Institute, 2020).
They provide farmers with common standards that are internationally recognized and adopted
throughout North America. These standards include a Risk Analysis and Management plan,
monthly coliform and standard plate count testing, and all the proper documentation needed for
selling raw milk for human consumption.
To get a more well-rounded observation of the milk quality and pathogen presence,
samples should be taken in the early and middle stages of lactation to compare with these late
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lactation results. Taking environmental samples would be another alternative route of exploration
to identify the sources and routes of milk contamination. In the future, research should be
conducted into assessing the microbiome of raw milk. This will aid in furthering our understanding
of what serotypes of bacteria may be present in raw goat milk as well as assess the types and extent
of probiotics that may be present in farm-fresh dairy goat milk. Future observations of diet could
also show an impact on the bacterial presence in the milk. This will give raw milk consumers a
better idea of what they are consuming, allowing them to better weigh their risks and benefits, and
allow producers to better understand their product. Raw milk products from cows and goats alike
have been implicated in a variety of pathogen outbreaks over the years. Between 2002 and 2008,
five raw milk outbreaks in the United States were linked back to Campylobacter spp. (Pyz-Łukasik
et al., 2015). In a CDC study from 2007 to 2012, 81 outbreaks from 26 states were associated with
unpasteurized milk. From these outbreaks, the second-highest causative agent was shinga toxin
producing E. coli (STEC) (17%) (Mungai et al., 2015). Most recently in 2021, a California goat
dairy issued a recall of unpasteurized, raw milk due to illegal levels of C. jejuni (Beach, 2021).
Listeria has also been indicated as a causative agent in other dairy related outbreaks in products
such as ice cream and butter (Pouillot et al., 2016; Maijala et al., 2001). In the future, producer
perceptions of pasteurization should be addressed using tailored training programs focused on preand post-processing milk quality and marketability. Besides training, the state of Mississippi could
work more closely with producers to make corrective actions on the farm to promote improvement
within the local dairy goat community. This could lead to the potential for less restrictive farm
regulations and move the emphasis of safety from environmental factors to the actual milk product.
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Conclusion
The microbiological analysis of the milk showed that producers still have room for
improvement to create a safe milk product. It is important to note that as producers dried off their
goats, the incidence of bacterial presence became more common. Survey results show the
opportunity and need for additional involvement from university extension and other training
programs. The importance of producer handwashing practices during the milking procedure should
be communicated to establish proper food safety practices. Limitations of the study included the
overlapping time frame of milk sample collection and survey collection as the survey could have
influenced the farmers milk collection methods. To the knowledge of the authors, this study is the
first of its kind to engage the participation of Mississippi dairy goat farmers while assessing food
safety practices, making it relevant for both research and policy-making purposes.
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Table 3.1

Prevalence of Salmonella spp., Listeria monocytogenes, Staphylococcus spp., total
coliforms, Escherichia coli, and Enterobacteriaceae in raw goat milk samples (n =
30) from five dairy goat farms in Mississippi over a two-month period.

Microorganism
Salmonella spp.
Negative
Positive
Listeria
monocytogenes
Negative
Positive
Staphylococcus spp.
Negative
Positive
E. coli
Negative
Positive
Total coliforms
Negative
Positive
Enterobacteriaceae
Negative
Positive

Farm A

Farm B

Farm C

Farm D

Farm E

Totals

6 (100%)
0

6 (100%)
0

6 (100%)
0

6 (100%)
0

6 (100%)
0

30 (100%)
0

6 (100%)
0

6 (100%)
0

6 (100%)
0

6 (100%)
0

6 (100%)
0

30 (100%)
0

0
6 (100%)

4 (66.7%)
2 (33.3%)

3 (50%)
3 (50%)

0
6 (100%)

2 (33.3%)
4 (66.7%)

9 (30%)
21 (70%)

4 (66.7%)
2 (33.3%)

6 (100%)
0

6 (100%)
0

5 (83.3%)
1 (16.7%)

5 (83.3%)
1 (16.7%)

26 (86.7%)
4 (13.3%)

4 (66.7%)
2 (33.3%)

6 (100%)
0

4 (66.7%)
2 (33.3%)

1 (16.7%)
5 (83.3%)

3 (50%)
3 (50%)

18 (60%)
12 (40%)

3 (50%)
3 (50%)

6 (100%)
0

6 (100%)
0

2 (33.3%)
4 (66.7%)

3 (50%)
3 (50%)

20 (66.7%)
10 (33.3%)
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Figure 3.1

Mesophilic plate count (average log CFU/mL) of raw goat milk samples (n = 30)
from five dairy goat farms in Mississippi over a two-month period.

a-c

Different superscripts indicate mean differences between sampling periods at each farm based
on ANOVA LSD post-hoc test (P <.05).
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Figure 3.2

Average mesophilic plate count (log CFU/mL) in correlation to raw goat milk pH
(n = 30)(r = .56, P < .05).
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Figure 3.3

Perceptions of importance on a rating scale of 1 to 100 of Mississippi’s raw milk
regulations reported by 29 MS dairy goat producers.
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CHAPTER IV
DAIRY GOAT FARMER FOOD SAFETY PRACTICES AND PERCEPTIONS IN THE
UNITED STATES
Abstract
United States dairy goat populations have been growing exponentially over the past 15
years. Every booming new market, however, must comply with safety standards to help prevent
consumer illness. Since goat milk is relatively novel in US markets, there is no set standard of
hygienic requirements for small farmers besides the Pasteurized Milk Ordinance. This creates
variation in preventive measures across state lines that could potentially put the customer at risk,
especially in cases of raw milk sales. Raw milk sales are legal in 30 states with markets ranging
from on-farm sales only to raw milk being allowed in stores depending on the state’s laws and
regulations. While consumers should be allowed to have free choice over their food products this
potentially puts them at risk of bacterial exposure if the proper preventative measures are not in
place on the farm. The objective of this study was to survey American dairy goat farmers (n=61)
to determine what management practices were being utilized and to identify their perceptions of
food safety and current regulations to find opportunities for improvement. The outcomes
highlighted a variety of milking practices, showing 59% of producers still utilize hand milking on
a regular basis. The majority of producers wash their hands before (77%) and after (63.9%) milking
but less wash in-between animals (39.3%). The majority also indicated they followed standard
hygienic milking practices such as wiping off the udder (80.3%), pre-dipping (57.1%),
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forestripping (64.9%), drying teats before milking (64.9%), fixing suction leaks during milking
when applicable (86.8%), and post-dipping (72.4%). Despite using hygienic practices, the majority
of producers were lacking important preventative measures in their backgrounds such as having a
risk analysis and management plan (83.9%), hazard reduction trainings (79.6%), hygienic milking
trainings (69.1%), and food safety trainings (57.1%). The results display an opportunity for market
growth as 70.4% of producers indicated they would be willing to invest more into their dairy goat
operation if it allowed for more advertising and marketability options.
Key Words
Dairy Goat, Food Safety, Herd Management
Introduction
Goat milk has been gaining popularity in the United States since the 1960s due to
perceived health and nutritional benefits (Clark and Garcia, 2017). While this could be the next
new market for bovine milk alternatives, many producers find themselves unable to meet the
investment costs that come with becoming a Grade “A” dairy as the dairy goat industry does not
receive government subsidies like bovine dairies do (Lu and Miller, 2019). While the PMO defines
milk standards, it is a voluntary ordinance that states do not have to adhere to unless they want to
sell their milk products across state lines. Since there are variations in safety practices and
standards, this could potentially put consumers at risk of contracting foodborne diseases as some
producers only produce raw, or unpasteurized, milk products.
There have been numerous recalls of raw milk products in the past few years with 30
outbreaks between 2005 and 2012 (Alegbeleye et al., 2018). Of those outbreaks, six were related
back to raw goats milk. Lazou et al. (2012) identified food handlers’ knowledge, attitude, and
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practices as the main three factors that can contribute to the frequency of food poisoning outbreaks.
Poor food safety knowledge and practices on the farm specifically can influence the quality of
milk products (Berge and Baars, 2020; Baumberg et al., 2016). Pasteurization was industrialized
in the 1800s to mitigate the outbreak of common milk-borne illnesses by inactivating pathogenic
organisms, spoilage organisms, and enzymes that degrade milk quality (Alehbeleye et al., 2018;
Melini et al., 2017). Since raw milk is a nutrient-dense product with a neutral pH, it provides an
optimal breeding ground for bacterial growth that can be easily introduced by various
environmental factors including udder skin, air quality, milking practices, and animal health (Von
Neubeck et al., 2015; Verdier-Metz et al., 2009). While research has shown that using pre-milking
sanitation practices is effective in decreasing unwanted bacterial populations in milk, the
implementation of these practices can depend on the management of the producer (Galton et al.,
1986). Still, however, pathogens in raw milk are a safety risk that needs to be carefully managed.
Surveys and questionaries have long been used as viable tools to gauge the understanding
of individuals’ food safety perceptions and practices. Such surveys have been able to identify
common themes such as proper hygiene, best management practices, and environmental risks and
controls (Stone et al., 2020; Nuhriawangsa et al., 2019; Amuta et al., 2021). When it comes to the
knowledge and understanding of the importance of food safety education on and off the farm, more
programs are needed to effectively make positive changes in the attitude and behavior of
producers.
There appears to be no data relevant to food safety knowledge and hygienic practices of
dairy goat producers across the United States exist. Therefore, this study focused on the assessment
of dairy goat farmers’ on-farm management and hygienic practices to understand what precautions
are being taken in the milk production process. The questionnaire-based survey was also utilized
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to understand producers’ attitudes towards current regulations, their specific products and
marketability, and their background knowledge of food safety.
Materials and Methods
Survey data collection: For collecting data on-farm management and milk handling
practices, a knowledge-based questionnaire was designed through the online survey platform,
Qualtrics. The survey was comprised of 7 sections (demographics, background, milking practices,
management practices, products and market, food safety background, and food safety knowledge
and risk perception) and took approximately 13 minutes to complete. The survey was shared via
social media in groups targeting American dairy goat producers. Analysis for the purpose of this
paper was narrowed down to farmers 18 years of age or older who completed 45% or more of the
survey. The survey protocol was reviewed and deemed exempt by Mississippi State University’s
Institutional Review Board (protocol #21-455).
Statistical analysis: Eighty-five individuals responded to the survey and were analyzed in
SPSS for Windows (version 28.0.0.0, SPSS Inc., Chicago, IL).
Results and Discussion
Demographics: A total of 85 farmers responded to the survey but after narrowing down the
selection, 61 responses were utilized based on the inclusion criteria of age and survey
completeness. This analysis was part of a larger study focused on Mississippi farmers so 48.3%
(29) of the participants were from Mississippi. Other participants came from Alabama (4),
Arkansas (4), Colorado (1), Florida (2), Georgia (4), Idaho (1), Indiana (1), Iowa (1), Kentucky
(2), Louisiana (1), Oklahoma (1), Oregon (1), Pennsylvania (1), Tennessee (3), Texas (3), and
Wisconsin (1). One respondent did not provide a location but did fully complete the survey and
was therefore included in the study. Of these survey takers, only 3 were from states that allow raw
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milk in retail stores, 40 from states that only allow on-farm sales, 4 from states that allow animal
share agreements, and 14 from states that completely prohibit the sale of raw milk for human
consumption. The study participants were primarily female (85.5%), between the ages of 35-54
(52.7%), and Caucasian (86.9%). Approximately one-third (33.3%) had a bachelors degree.
Following that 22.2% of participants had some college but no degree and 11.1% only had a high
school degree or equivalent. Others had obtained an associates degree (9.3%), a masters degree
(14.8%), and a doctorate (9.3%). Of these educational backgrounds, only 25.9% were completed
in an agricultural science field. At the time of the survey, 44.4% of participants were employed
full time (40+ hours), 9.3% worked part-time, 14.8% were self-employed, 13% were retired, 13%
were homemakers, 3.7% were unemployed and 1.9% were students. When asked about annual
household income 23% made between $10,000 to $49,999, 40.4% made between $50,000 to
$99,999, 21.1% made greater than $100,000, and 15.4% preferred not to answer.
Background: Regarding industry purpose, the most popular reason for keeping goats was
milk production (91.8%). In addition, more than half of respondents kept goats for breeding
(65.6%) and showing (62.3%). Other reasons for keeping dairy goats included hobby (45.9%),
brush control (16.4%), and meat production (11.5%). The most popular dairy goat breed was
Nubians as 47.5% of the surveyed individuals raised this breed. Following closely behind included
Nigerian Dwarf (42.6%), Alpine (36.1%), other breeds (26.2%), LaMancha (24.6%), Saanen
(6.6%), Oberhasli (4.9%), and Toggenburg (3.3%). Many of the other breeds specified by
individuals included miniatures of the various breeds and crosses between dairy breeds. Literature
supports that crossbreeding can have positive effects on milk production characteristics of dairy
goats including higher fat, protein, lactose, protein, and total milk yield in some crossbreeds
(Erudran and Dag, 2021).
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Milking practices: The majority (67.2%) of producers indicated that they milked their goats
twice daily, while 32.8% only milked once a day. In Mississippi, specifically, the laws for selling
raw milk require producers to milk in a clean environment with a cement or comparable floor that
is enclosed by a wall or screen to prevent insects. The law also requires there to be a fly strap in
the milking location and for sterile containers to be used during the milking process and milk
storage (MS Code § 75-31-65, 2019). We used these regulations as our standard to understand
producer perceptions of environmental influences as we asked survey respondents to rank these
regulations on a scale of 0 to 100 with 100 being the most important and 0 being of the least
importance. On average, the use of sterile containers was the most highly regarded, and
significantly less emphasis was given to the fly strap requirement (Figure 1).
Of the producers surveyed, 65.6% indicated they use a milking machine during milking
sessions. Despite this, still over half of the producers (59%) marked that they still regularly use
hand-milking. Only 3.3% marked that they utilize a milking parlor type system (tandem, parallel,
etc.). Since more than half of producers utilize hand-milking, handwashing practices were of
interest. Seventy-seven percent of all producers indicated they washed their hands before milking,
39.3% indicated they washed between animals, 63.9% washed after milking, 11.5% utilized
gloves, and 6.6% did not wash at all during the milking process. Similar results were found in a
study examining the practices and perceptions in North-Western Nigerian bovine herds. Amuta et
al. (2021) found 67% of herds using intensive management systems complied with handwashing
whereas only 19% of the herds with an extensive management system complied. Handwashing is
important to prevent the spread of bacteria between animals, which can cause mastitis, as well as
prevent extrinsic contamination of milk. It was also found that 57% of the surveyed dairy goat
producers utilize electronics such as phones and computers during the milking process. This opens
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up the opportunity for bacteria picked up on the hands to potentially spread to the phone and other
commonly touched surfaces which could lead to illness through the fecal-oral route. When asked
about milking practices, the majority of dairy goat farmers indicated they “always” followed
standard hygienic milking practices including wiping off the udder (80.3%), pre-dipping (57.1%),
forestripping (64.9%), drying teats before milking (64.9%), fixing suction leaks during milking
(86.8%), and post-dipping (72.4%) (Table 1). Proper pre-milking preparations have been found to
affect bacterial populations on the teats and in the milk (Galton et al., 1986; Belage et al., 2017;
Hassan et al., 2001). The majority (83.6%) of farmers also indicated they “always” filtered their
milk. Oppositely, only a small portion of farmers utilize a cooling system during milking (21.3%)
or milk in an air-conditioned area (23%). Currently the United States Pasteurized Milk Ordinance’s
(PMO) standard for Grade “A” raw milk requires milk to be cooled within 4 hours after milking
begins to 50℉ or below and must be at 45℉ or below within two hours of completion (FDA PMO,
2019). The maintenance of these temperatures is critical to prevent bacterial growth.
Even though the majority of farmers indicated they kept goats for milk production, an
overwhelming majority indicated they never participated in Somatic Cell Counts (SCC) (62.3%)
or Dairy Herd Improvement testing (DHI) (67.2%). A high SCC is commonly used as an indicator
for overall udder health and mastitis, or intramammary infection (Barbano et al., 2006; Reneau
1986). The Dairy Herd Improvement Association exists to help farmers with traditional milk
testing and record services including testing the milk protein, fat, yield, and SCC, as well as
keeping information on the animal’s birth date, pregnancy, and lactations (DHIA, 2021). While
milk testing would benefit producers, it can be prohibitive as there are currently no government
subsidies or programs in place to offset costs as few investments have been made in the dairy goat
industry so far (Lu and Miller, 2019). Lastly, producers were asked how long they stored their
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milk products before using and 65.6% indicated they used their milk within 3 days of milking. It
has been noted that prolonged refrigerated storage can allow for the growth of unwanted bacteria
and the development of heat-stable enzymes that can cause bitterness, gelation, and flavor defects
(Zhang et al., 2020). While the Pasteurized Milk Ordinance’s legal limit for raw milk is 5 log
CFU/mL, literature indicates that 6 log CFU/mL would typically indicate poor hygienic practices
and would be unhealthy for consumption (Murphy, 2010; Yamazi et al., 2013; FDA, 2015).
Management practices: Housing for goats typically included open shelters (lean-to’s,
hutches, etc.) (70.5%), barn stalls (59%), and pasture (8.2%). To follow that question, producers
were asked how often they cleaned their animals' bedding. Only 6.6% cleaned the areas on a daily
basis while 31.1% cleaned weekly, 34.4% cleaned monthly and 27.9% indicated they cleaned at
other time points which included times such as seasonally, every few months, and as needed.
Animal housing and bedding are important factors in controlling bacterial contamination as
bacterial exposure at the teat end is the primary source of exposure to potential mastitis-causing
and foodborne illness-causing pathogens (Rowbotham and Ruegg, 2015). The majority (90.2%)
of producers indicated that they had a separate quarantine area for new or sick animals while only
9.8% did not. In many bovine operations, isolating individuals with infections or illness helps
prevent the spread to other herd members but also ensures milk from an animal treated with
medicines or antibiotics does not enter the main milk supply. One of the most important factors on
milk quality is the animals' nutritional status. All the producers noted that they fed their animal’s
hay. Following that, 98.4% fed their goats supplemental minerals. Other feeding practices included
grain (93.4%), grazing (55.7%), and salt supplementation (41%) in the diet. For the last
management practice, we asked producers to indicate their kidding seasons. The majority allow
their animals to kid in the spring (83.6%), followed by winter (52.5%), fall (18%), and summer
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(8.2%). Proper diet is needed to meet maintenance requirements before the goats can utilize the
nutrients for milk production. This can be influenced by season depending on the available forages.
Kidding season can also influence milk yield, milk composition, lactation length and somatic cell
count (Zamuner et al., 2019). Further research should go into evaluating producers’ deworming
and vaccination practices to see if it affects the products with any short or long-term milk residues.
Products and market: To understand the market around goat milk, producers were asked
to identify what products they create with their milk. From the products made, less than half of all
the products made were ever sold and 14 producers indicated they sold none of their products
(Figure 2). The products that were sold the most compared to their production included soap and
lotion. Soaps and lotions are loosely regulated by the US Food and Drug Administration in the
Code of Federal Regulations. Other products that were indicated as being made from their milk
included butter, fudge, caramel, keifer, and yogurt. To further recognize the complexity of the goat
milk market, we asked farmers where they reached their customers and where they actually sold
their products (Figures 3 and 4). Since the majority of surveyed producers were from Mississippi,
it is not surprising that the majority of respondents indicated they always sold their products on
the farm and never sold online or at farmers markets (Figure 4). Mississippi regulations currently
strictly limit the sales of raw products to on-farm with no advertising allowed (MS Code § 75-3165, 2019). An overwhelming majority (70.4%) of producers indicated that if they were allowed
to advertise and sell products with less restrictive regulations, they would invest more money in
their operations. When asked if they would invest in pasteurization equipment for more open
marketability of products, producers were uncertain as 37% indicated they may invest, 33.3%
indicated they would, and 29.6% indicated they would not invest. Of the producers surveyed, only
40.4% indicated they had access to pasteurization equipment. The majority (78.9%) of producers
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also indicated that they are not a registered Grade “A” dairy. Of that majority, 36.8% indicated
they were interested in becoming registered, 5.3% were in the process of becoming registered, and
36.8% were not interested in becoming registered. In Mississippi, being a registered Grade “A”
dairy is a crucial step in opening up access to more markets and advertising their products.
Respondents were asked to rank their biggest operational challenges with 1 being the most
challenging. As shown in Figure 5, the most common first ranked challenge was the investment
costs to be an operating goat dairy (58.5% of participants). Following costs, the ability to advertise
products was most commonly ranked as the second most challenging issue.
Food safety background: The majority of producers were lacking on major pieces of
training that could help identify and moderate routes of contamination in their milk and products.
This included having risk analysis and management plans, hazard reduction trainings, hygienic
milking trainings, and food safety trainings (Figure 6). When asked if they would be interested in
pasteurization or safe milk handling workshops producers were mostly interested with some
indicating that they may be interested in participation (Figure 6). The majority of producers
indicated they never participated in microbial analysis (80.4%) or milk quality testing (76.8%).
This is surprising since 80.4% indicated they drink raw milk. Those individuals noted that their
reasons for consumption included perceived health benefits (91.1%), convenience (53.3%),
allergies (26.7%), and other reasons such as humane animal care and flavor (26.7%). Producers
were also asked if they used raw milk in recipes when preparing meals, only 16.7% indicated that
they did not. While raw milk does pose potential health risks, thermal treatment can be used to
inactivate some microorganisms so use in cooked foods would be more acceptable as it includes
an inactivation step before consumption. As for raw milk handling, the majority (60.4%) noted
they wash their hands before continuing with what they’re doing.
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Food safety knowledge and risk perception: In the final portion of the survey, farmers’
knowledge of food safety and perception of risks associated with pathogens were examined. The
majority of producers (45.5%) indicated they were moderately knowledgeable about bacteria in
raw milk (Figure 7). Continuing with familiarity, farmers were asked to identify the pathogenic
bacteria they knew. Salmonella was the most identifiable (96.3%), followed by E. coli (83.3%),
Staphylococcus aureus (75.9%), and Listeria monocytogenes (72.2%). Campylobacter jejuni and
Shigella were lesser-known by producers, composing only 40.7% and 22.2%, respectively. The
majority (96.2%) of farmers were able to recognize that pathogens cause foodborne disease and
that milk can harbor a variety of these pathogens. The survey also found that the majority of
producers (55.5%) agreed that pasteurization affected the quality of milk. This is an important
topic area to cover in further research to fully understand why some producers are hesitant in
pasteurizing their products even though the United States Food and Drug Administration insists
that it causes little to no influence of nutrients (FDA, 2018). Almost all the producers (98.1%)
knew that milk should ideally be stored below 40℉ and 88.7% were able to identify that somatic
cell counts increase to fight off pathogenic bacteria. Producers were asked to identify how common
they believed it was for people in the United States to get food poisoning due to the location of
food preparation. The results showed that they were evenly distributed between not very common
(34%), somewhat common (36%), and very common (30%) for at-home preparation. Previous
research has identified that foodborne illnesses are three times more frequently attributed to foods
prepared and consumed in private homes compared to public establishments (Lazou et al., 2012).
When asked if raw milk has bacteria that will make them sick 50.9% indicated it was unlikely,
24.5% said it was neither likely nor unlikely, and 24.5% said it was likely. Producers were then
asked if they believed contamination of food by bacteria is a problem. Surprisingly, 46.2%
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believed it was a serious food safety problem, 50% believed it was somewhat of a food safety
problem, and only 3.8% believed it was not a food safety problem at all. Further understanding
why farmers may believe raw milk is unlikely to make them sick even though they believe
contamination is a serious food safety problem would be beneficial to fully understand their
perceptions of raw milk and food safety.
Conclusion
Based on this survey, these findings are of interest in changing and improving practices for
dairy goat farmers across America. Our results highlight the importance of handwashing between
milking animals which could potentially be a key contributor to the contamination of raw goat
milk and cause of mastitis. Based on known recalls of raw food products, we can see that
pathogenic bacteria in food products can be harmful. While about 40% of our survey participants
think bacteria in milk is unlikely to make them sick, the risk to immunocompromised people such
as the elderly, young children, and pregnant women is something that needs to be considered when
producing, selling, and consuming raw goods. The survey further identifies areas of food safety
that need to be addressed in the arena of goat milk processing. Future studies should evaluate the
reasons why producers do not see a risk with raw products. The exploration of methods of nonthermal or affordable processing techniques would also be beneficial to dairy goat producers who
seek to reach new markets but are limited by no access to pasteurization equipment. Limitations
of the study include the format of the survey as respondents were able to move freely throughout
the questionnaire and were allowed to leave answers blank. This enabled individuals to go back
and change answers or leave the survey incomplete.
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Figure 4.1

Perception of importance on a rating scale of 1 to 100 of various raw milk
regulations as reported by 61 American dairy goat producers.

70

Table 4.1

Percent of farmers (n = 61) utilizing proper milking sanitation techniques to
control mastitis and milk quality in their dairy goat herds.

Techniques

Never

Sometimes

Most of the
time
6.6%
(n = 4)

Always

6.6%
(n = 4)

About half
the time
1.6%
(n = 1)

Wipe off the
dry udder
(n = 61)

4.9%
(n = 3)

Pre-dip
(n = 56)

30.4%
(n = 17)

7.1%
(n = 4)

1.8%
(n = 1)

3.6%
(n = 2)

57.1%
(n = 32)

Forestrip
(n = 57)

17.5%
(n = 10)

8.8%
(n = 5)

1.8%
(n = 1)

7%
(n = 4)

64.9%
(n = 37)

Dry teat
before
milking
(n = 57)

17.5%
(n = 10)

5.3%
(n = 3)

5.3%
(n = 0)

7%
(n = 4)

64.9%
(n = 37)

Fix suction
leaks during
milking
(n = 38)

5.3%
(n = 2)

5.3%
(n = 2)

-(n = 0)

2.6%
(n = 1)

86.8%
(n = 33)

Post-dip
(n = 58)

6.9%
(n = 4)

12.1%
(n = 7)

1.7%
(n = 1)

6.9%
(n = 4)

72.4%
(n = 42)
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80.3%
(n = 49)

Figure 4.2

Identification of raw goat milk products made and sold (n = 61).
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Figure 4.3

Frequency of marketing locations for goat milk products as indicated by dairy
producers (n = 61).
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Figure 4.4

Frequency of selling locations for goat milk products as indicated by dairy goat
producers (n = 61).
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Figure 4.5

Ranking of the top seven operational challenges with 1 being the most challenging
as surveyed by 61 American dairy goat farmers.
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Figure 4.6

Responses regarding producers’ food safety background (n = 61).

1) Do you have a risk analysis and management plan? 2) Have you taken any hazard reduction
trainings? 3) Do you have a standard operating procedure for milking? 4) Have you taken any
hygienic milking trainings? 5) Have you taken any food safety trainings? 6) Are you interested in
pasteurization workshops? 7) Are you interested in safe milk handling workshops?
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Figure 4.7

Self-identified background knowledge of bacteria in milk in American dairy goat
producers (n = 61).

.
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CHAPTER V
SUMMARY & CONCLUSION
The objective of this research was to determine the incidence of pathogens and microbial
indicators in raw goat milk and to survey farmers’ practices and perceptions to identify deficiencies
and opportunities for food safety improvement.
The microbiological analysis of raw goat milk in Mississippi provided a small glimpse into
the safety of local products. While there was high incidence of Staphylococcus aureus, it gives
more information into the quality of late lactation milk. During this period of lactation, the animals
are milked less frequently which allows bacteria more time and opportunities to enter the teat canal
and grow depending on the animals’ environmental conditions. It is important to note that during
the October and November months testing occurred, Mississippi weather conditions were mostly
free from precipitation with highs of 74℉ and lows of 48℉, meaning the animals should not have
had excessively muddy or poor conditions. The time of year, however, did create a weakness in
the study as many producers were drying off and were unable to participate, limiting the study to
5 farms mainly in North Mississippi. It is important to mention that some samples in the study
contained observable amounts of hair, dirt, and debris in the collection tube. This is an indicator
that the proper hygienic measures such as wiping away dirt on the dry udder and pre-dipping may
not have been utilized before milking. It was brought to our attention that one producer
misunderstood the initial instructions and did not treat the milk as if they would be consuming it.
While this can be considered a limitation to the study because of the misinterpretation, it could
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also be considered an advantage as it gives us a baseline to see where raw milk’s bacterial
populations may sit as a negative control when there are no hygienic procedures implemented. We
also noticed that from the 30 total samples only 2 were filtered. One of the filtered samples
contained the highest bacterial load of all the samples while the other was lower than 3 log/CFU.
Since there are only two filtered samples, we cannot make a conclusion about the functionality of
the filters, but we can assume that the filtering of the milk is either not removing any bacteria
present or the filter could have been contaminated. Further testing between filtered and non-filtered
milk would be beneficial to validate the functionality of milk filters.
As for the survey, it provided insight into how producers feel about regulations,
pasteurization, and opportunities for growth. To the knowledge of the author, no other relevant
studies have evaluated farmer practices and perceptions, especially in Mississippi. This is a
strength of the research as Mississippi dairy goat producers are not commonly utilized in studies
due to the limited number of farms and relatively small herd sizes. However, one related weakness
of the study was not getting more individuals from other states involved in the analysis of
American dairy goat producers. Looking back, if more time was available for the study, I would
have reached out to other universities goat extension specialists to encourage participation from
the producers in their states. Another weakness is that after the survey there were questions that I
would have liked to follow up on and ask more to find out why people felt the way they did. For
example, it would have been beneficial to know the reasons why some producers believed raw
milk did not harbor harmful bacteria when most agreed food contamination is a safety issue. A
final limitation that was realized after the survey is that we did not ask producers how long they
had been farming. This would be nice to know to understand how long they have been using their
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current practices and potentially see how they have changed over time with the introduction of
better methods.
In the future, microbiome research would be a great topic to transition this study to as many
farmers believe in the health benefits of raw milk. This could act as either supporting evidence or
a debunking for any health claims people have of raw milk. If the probiotic presence is strong in
goat milk, it would be beneficial to see how various processing technologies affect those beneficial
florae. If the milk supply is present, comparing the nutritional content of raw and pasteurized milk
would also be beneficial to establish any differences between products due to processing. It would
also be advantageous to try other processing techniques on raw goat milk to validate the
technologies efficiency and look for alternative ways of processing besides thermal pasteurization.
Overall, the results from this study could be put to use through educational training events.
This would help farmers identify weaknesses and opportunities for growth with their products
whether they are for personal use or sale. Sharing these results through conferences, expos, and
meetings would also help educate producers outside of Mississippi and promote further research
into goat milk. Educating producers on safe milk handling and food safety will help modify
behaviors that potentially lead to adulterated products and product safety misconceptions. The
findings could also be used to address the State of Mississippi’s Legislature to encourage
regulation to be formulated based on scientific findings.
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APPENDIX A
RAW GOAT MILK SURVEY

84

Raw Goat Milk Survey
Start of Block: Introduction

Q1 Hello! Thank you for your interest in this research study. As you may know, we are conducting a
knowledge-based survey to understand the management and hygienic practices used during milking and
day-to-day operations on a dairy goat farm as well as to assess producers' knowledge of food safety. Your
participation is meaningful because it will help us develop safe milk handling procedures and fully
understand dairy goat production goals.
The survey should only take around 15 minutes and your responses are completely anonymous. Please
limit responses to one person per farm. If you get this survey more than one time, please only take it
once. Please understand that your participation is voluntary. Your refusal to participate or discontinuation
will involve no penalty or loss of benefits to which you are otherwise entitled.
If you have any questions about the survey, please contact us:
Student Investigator: Jacinda Leopard, Graduate Research Assistant, jg1886@msstate.edu
Principal Investigator: Dr. Shecoya White, Assistant Professor, sw2323@msstate.edu
Department of Food Science, Nutrition and Health Promotion, Mississippi State University.
This study has been reviewed by our HRPP/IRB (IRB-21-455) and has been granted Exemption
Determination.
We appreciate your input!
End of Block: Introduction
Start of Block: Background

Q85 To begin, we would like to know a little bit about you!

Q2 Are you a dairy goat producer?

o Yes
o No
Skip To: End of Survey If Are you a dairy goat producer? = No
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Q3 Are you 18 or older?

o Yes
o No
Skip To: End of Survey If Are you 18 or older? = No
Q4 Is your dairy goat operation located in Mississippi?

o Yes
o No
Skip To: Q5 If Is your dairy goat operation located in Mississippi? = Yes
Q83 Where is your operation located if not in Mississippi?

o Alabama
o Arkansas
o Louisiana
o Tennessee
o Georgia
o Florida
o Missouri
o Other (Please list) ________________________________________________
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Q5 What is your purpose in the goat industry? Select all that apply.

▢
▢
▢
▢
▢
▢

Showing

Breeding (Genetic improvement)

Milk production

Meat production

Brush control

Hobby / Pets

Q6 How many goats do you currently house? Please answer all that apply.

o Lactating females ________________________________________________
o Dry females ________________________________________________
o Bred females ________________________________________________
o Kids (male and female) ________________________________________________
o Bucks and wethers ________________________________________________
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Q7 What dairy breeds do you keep? Select all that apply.

▢
▢
▢
▢
▢
▢
▢
▢
▢

Alpine

LaMancha

Nigerian Dwarf

Nubian

Oberhasli

Saanen

Sable

Toggenburg

Other / Mix-breeds (Please explain)

________________________________________________

End of Block: Background
Start of Block: Milking Practices
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Q86 These next two sections are to help us understand your milking procedures and management
practices.
Q8 How often do you milk your goats?

o Once daily
o Twice daily
o Three times a day
Q9 How important are these procedures to you?
Not at all Slightly Moderately Very Extremely
important important important important important
0

Milking location must be a clean environment
Milking location must have a cement or
comparable floor
Milking location must be enclosed by a wall or
screen to prevent insects
Fly strap must be located in the milking location
Sterile containers must be used in the milking
process
Sterile containers must be used during milk
storage
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25

50

75

100

Q10 What milking systems do you typically use? Select all that apply.

▢
▢
▢
▢

Hand milking

Milking machine (pulsator and bucket, etc.)

Milking parlor (parallel, tandem, etc.)

Other (Please explain) ________________________________________________

Q11 How often are these procedures used (per milking process)?
About half
Most of the
Never
Sometimes
the time
time
Wipe off the
dry udder
Pre-dip
Forestrip
Dry teat
before
milking
Fix suction
leaks during
milking
Post-dip
Claw
sanitation
between
animals

Always

Not
applicable

o
o
o
o

o
o
o
o

o
o
o
o

o
o
o
o

o
o
o
o

o
o
o
o

o
o

o
o

o
o

o
o

o
o

o
o

o

o

o

o

o

o
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Q12 How often do you wash your hands during the milking process? Select all that apply.

▢
▢
▢
▢
▢

Before milking

After milking

Between animals

I wear disposable gloves

I do not wash during the process

91

Q13 How often do you filter your milk?

o Never
o Sometimes
o About half the time
o Most of the time
o Always
Q14 Do you use a cooling system during milking? (I.e. bulk tank cooling)

o No
o Yes
Q15 Do you milk in an air conditioned area?

o No
o Yes
Q16 When do you sanitize your milk tank or bucket? Select all that apply.

▢
▢
▢
▢
▢

Before milking (daily)

Between each animal (daily)

After a milking session (daily)

Weekly

Monthly
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Q17 How often do you sanitize your milking claw? Select all that apply.

▢
▢
▢
▢
▢

Before milking

Between each animal

After a milking session

Never

Not applicable

Q18 When sanitizing your equipment, what products do you use? Select all that apply.

▢
▢
▢
▢
▢
▢

Bleach

Hot water

Warm water

Cold water

Soap (Please specify type) ________________________________________________

Other (Please explain) ________________________________________________

Q19 Do you ever use a telephone, cell phone, smart phone, tablet, laptop or computer while milking
goats?

o No
o Yes
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Q20 How often do you participate in Dairy Herd Improvement testing?

o Never
o Monthly
o Quarterly
o Semiannually
o Annually
Q21 How often do you conduct Somatic Cell Count tests?

o Never
o Monthly
o Quarterly
o Semiannually
o Annually
Q22 How long do you usually store your milk before using?

o 1 day
o 2-3 days
o 4-6 days
o 7-10 days
o Longer than 10 days
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End of Block: Milking Practices
Start of Block: Management Practices
Q23 What housing type do you use for your goats? Select all that apply.

▢
▢
▢
▢

Open shelter (lean-to shed, hutches, etc.)

Barn stalls

Pasture only

Other (Please explain) ________________________________________________

Q88 How often are bedding areas cleaned?

o Daily
o Weekly
o Monthly
o Never
o Other (Please explain) ________________________________________________
Q87 Do you have a separate quarantine area for new or sick animals?

o No
o Yes
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Q24 What feeding routines do you utilize? Select all that apply.

▢
▢
▢
▢
▢

Rotational grazing

Grain diet

Cut hay

Salt supplementation

Mineral supplementation

Q25 Please select your kidding seasons: Select all that apply.

▢
▢
▢
▢

Winter

Spring

Summer

Fall

End of Block: Management Practices
Start of Block: Products and Market
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Q26 What products do you make with your goat milk? Select all that apply.

▢
▢
▢
▢
▢
▢
▢
▢

Raw milk

Pasteurized milk

Soap

Lotion

Cheese (using raw milk)

Cheese (using pasteurized milk)

Nothing

Other (Please specify product and if it uses raw or pasteurized milk)

________________________________________________
Skip To: Q30 If What products do you make with your goat milk? Select all that apply. = Nothing
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Q27 What products do you sell that are made with your goat milk? Select all that apply.

▢
▢
▢
▢
▢
▢
▢
▢

Raw milk

Pasteurized milk

Soap

Lotion

Cheese (using raw milk)

Cheese (using pasteurized milk)

Nothing - the milk is for personal use only

Other (Please specify product and if it uses raw or pasteurized milk)

________________________________________________
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Q28 How often do you sell your products through these avenues:
Always

Most of the
time

About half
the time

Sometimes

Never

Not
applicable

o
o

o
o

o
o

o
o

o
o

o
o

o

o

o

o

o

o

I give away
my products

o
o
o
o

o
o
o
o

o
o
o
o

o
o
o
o

o
o
o
o

o
o
o
o

Other
(Please
explain)

o

o

o

o

o

o

On the farm
Farmers
market
Social
Media
(Facebook,
Instagram,
etc.)
Online
(Website,
blog, etc.)
Local store
I do not sell
my products
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Q29 How often do you reach your consumer through these avenues:
Always

Most of the
time

About half
the time

Sometimes

Never

Not
applicable

o
o

o
o

o
o

o
o

o
o

o
o

o

o

o

o

o

o

I give away
my products

o
o
o
o

o
o
o
o

o
o
o
o

o
o
o
o

o
o
o
o

o
o
o
o

Other
(Please
explain)

o

o

o

o

o

o

On the farm
Farmers
market
Social
Media
(Facebook,
Instagram,
etc.)
Online
(Website,
blog, etc.)
Local store
I do not sell
my products

Q30 Would you invest more money in your operation if you were able to advertise and sell more freely?

o No
o Maybe
o Yes
o Not applicable
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Q31 Are you a registered goat dairy?

o No, I am not interested in getting registered.
o No, but I would be interested in getting registered.
o No, but I am in the process of becoming registered.
o Yes
Q32 Do you have access to pasteurization equipment? If so, where?

o Yes, personal equipment
o Yes, rented, loaned, or shared equipment
o Yes, co-op opportunities
o No access
Q33 Would you be willing to invest in pasteurization equipment if it allowed for more opportunities to
advertise and sell your products?

o No
o Maybe
o Yes
o Not applicable
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Q34 Rank these obstacles with 1 being your biggest operational challenge.
______ Keeping a clean milking environment
______ Having a cement or comparable floor in the milking area
______ Having an enclosed wall or screen in the milking area to prevent insects
______ Keeping milking machines sterile
______ Access to pasteurization equipment
______ Ability to advertise products
______ Investment costs to be an operating goat dairy
End of Block: Products and Market
Start of Block: Food Safety Background

Q35 Please answer the following questions regarding trainings and risk analysis by answering yes or no.
Yes
No
Do you have a risk analysis and
management plan for your milk
products?

o

o

Have you taken any hazard
reduction trainings?

Have you taken any food safety
trainings?

o
o
o

o
o
o

Do you have a Standard
Operating Procedure for
milking?

o

o

Have you taken any hygienic
milking procedures trainings?

Q36 Please answer the following questions regarding the time frame of milk analysis testing.
Never
Daily
Weekly
Monthly
Yearly
How often do
you have a
microbial
analysis of
your milk
products?

o

o

o

o

o

How often do
you conduct
milk quality
testing of your
milk products?

o

o

o

o

o
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Q37 Are you interested in workshops in pasteurization?

o No
o Maybe
o Yes
Q38 Are you interested in workshops in safe milk handling?

o No
o Maybe
o Yes
Q39 How often do you and your family drink raw goat milk?

o Daily
o Weekly
o Monthly
o Never
Skip To: Q84 If How often do you and your family drink raw goat milk? != Never
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Q84 For what reasons do you drink raw milk? Select all that apply.

▢
▢
▢
▢

Convenience

Health benefits (nutrients, probiotics, etc.)

Less allergenic

Other (Please specify reason) ________________________________________________

Q40 Do you use raw milk in recipes when preparing meals?

o No
o Yes
Q41 After handling raw milk, do you usually continue what you're doing, or do you first rinse your hands
with water, or wipe them, or wash them with soap?

o Continue what I'm doing
o Rinse hands with water
o Wipe hands off
o Wash with soap
End of Block: Food Safety Background
Start of Block: Food Safety Knowledge and Risk Perception
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Q42 This section is not a test, but assessing your understanding of food safety. If you do not know, please
answer to the best of your knowledge.
Q44 How much do you know about bacteria in raw milk?

o Not knowledgeable at all
o Slightly knowledgeable
o Moderately knowledgeable
o Very knowledgeable
o Extremely knowledgeable
Q43 Select the pathogenic bacteria you are familiar with. Select all that apply.

▢
▢
▢
▢
▢
▢

Staphylococcus aureus

Escherichia coli

Salmonella

Listeria monocytogenes

Campylobacter jejuni

Shigella

Q47 Pathogenic bacteria can cause foodborne diseases.

o True
o False
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Q45 Raw milk can harbor a variety of pathogenic bacteria.

o True
o False
Q46 Pasteurization affects the nutrient content of milk.

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
Q48 Ideally, milk should be stored below 40 degrees F.

o True
o False
Q90 Somatic Cell Counts will increase to fight off mastitis-causing pathogens like Staphylococcus
aureus.

o True
o False
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Q49 How common do you think it is for people in the United States to get food poisoning due to the
following factors?
Somewhat
Not very common
Very common
Don't know
common
Food prepared at
home
Food prepared at a
restaurant
Food repared in
industry (frozen
or boxed foods,
ready-to-eat
products, etc.)

o
o

o
o

o
o

o
o

o

o

o

o

Q50 Do you think contamination of food by bacteria is a problem?

o Serious food safety problem
o Somewhat of a food safety problem
o Not a food safety problem at all
o Don't know
Q51 How likely do you think it is that raw milk has bacteria that could make you sick?

o Extremely unlikely
o Somewhat unlikely
o Neither likely nor unlikely
o Somewhat likely
o Extremely likely
o Don't know
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End of Block: Food Safety Knowledge and Risk Perception
Start of Block: Demographics
Q91 You've almost made it to the end! We have a few final general questions to get to know you a little
better.
Q53 What is your gender?

o Male
o Female
o Other
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Q54 What is your age?

o 18 - 24
o 25 - 34
o 35 - 44
o 45 - 54
o 55 - 64
o 65 - 74
Q55 Are you of Hispanic, Latino, or Spanish origin?

o Yes
o No
Q56 How would you describe yourself? Please select all that apply.

▢
▢
▢
▢
▢
▢

White

Black or African American

American Indian or Alaska Native

Asian

Native Hawaiian or Pacific Islander

Other
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Q57 How would you describe yourself? Please select all that apply.

▢
▢
▢
▢
▢
▢

White

Black or African American

Native Hawaiian or Pacific Islander

Other

German

Other ________________________________________________

Q58 What is the highest degree or level of school you have completed?

o Less than a high school diploma
o High school degree or equivalent (e.g. GED)
o Some college, no degree
o Associate degree (e.g. AA, AS)
o Bachelor's degree (e.g. BA, BS)
o Master's degree (e.g. MA, MS, MEd)
o Doctorate or professional degree (e.g. MD, DDS, PhD)
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Q59 Is your highest degree or level of school completed related to agricultural sciences (food science,
animal and dairy science, etc.). If yes, please state your completed major and concentration.

o No
o Yes ________________________________________________
Q60 What is your marital status?

o Single (never married)
o Married, or in a domestic partnership
o Widowed
o Divorced
o Separated

111

Q61 What is your current employment status?

o Employed full time (40 or more hours per week)
o Employed part time (up to 39 hours per week)
o Unemployed and currently looking for work
o Unemployed not currently looking for work
o Student
o Retired
o Homemaker
o Self-employed
o Unable to work
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Q62 What is your annual household income from all sources?

o Less than $10,000
o $10,000 - $19,999
o $20,000 - $29,999
o $30,000 - $39,999
o $40,000 - $49,999
o $50,000 - $59,999
o $60,000 - $69,999
o $70,000 - $79,999
o $80,000 - $89,999
o $90,000 - $99,999
o $100,000 - $149,999
o More than $150,000
o Don't know
o Prefer not to answer
End of Block: Demographics
End of Survey
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